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COMMUNICATIONS 


FOVEAL VISION IN AMBLYOPIA* 


BY 
MARY PUGH 


Institute of Ophthalmology, London 


THE reduced visual acuity in amblyopic eyes has presented a problem ever 
since the condition was recognized. Most of the evidence so far favours 
the cortex as the site of inhibition (Vogt, 1939; Wald and Burian, 1944; 
Dyer and Bierman, 1952). Clarke (1941) thought that the cause might be 
an atrophy from disuse affecting the cells of the lateral geniculate body which 
rely for their vitality on the linkage between cortical and retinal activity. 
Harms (1949) studied the lowered pupillary response to light in amblyopic 
eyes and thought that the activity of the retina was suppressed. 

Although cortical irihibition undoubtedly plays a large part in inhibiting 
the response of an amblyopic eye, the photoreceptors in the retina are 
displaced in relation to the line of vision when the eye deviates, and this 
constant displacement over many years may lead to local adjustments and 
abnormalities within the retina itself. 

In an amblyopic eye, as the power of fixation weakens, so the visual acuity 
is reduced. Brock and Givner (1952), working on the fixation anomalies 
in amblyopia, using a modified after-image test, record that only 20 per cent. 
of subjects withamblyopia (ex anopsia) fixate along the central-foveal axis 
of the poor eye on occlusion of the good eye. The great majority fixate 
eccentrically, the shift from the centre being greater the more profound the 
amblyopia. Jones and Higgins (1947) investigated the acuity gradient 
within 1° of the central fovea, and reported that the highest visual acuity was 
confined to the small region of 7’ of arc and that there was a diminution of 
acuity at even 10’ from the fovea, which region would be still within the 
slender cone area (Polyak, 1941). 

In the present series of cases, the resolving power of the fovea and the accur- 
acy of fixation in amblyopic eyes have been investigated. 


Investigations 

Method.—A series of 150 patients with amblyopia was investigated. The’ vision in 
the weaker eye ranged from hand movements to 6/12. The patients’ ages varied from 
10 to 55 years. For the initial examinations there was no selection. As the tests became 
more difficult the cases had to be selected according to the time which could be spared for 
investigations, and to the patient’s accuracy of observation. 

The initial investigations were concerned with the age of onset of the condition, refrac- 
tive error, amount and direction of deviation, retinal correspondence, and binocular vision 
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(Table 1). These were followed by repeated detailed examinations of many of the patients 
over a period of 1 to 2 years. Monocularly, the visual acuity was analysed both with 
Snellen types and with small composite targets, and at the same time the type of fixation 
was noted by direct observation. Using binocular function, the types and degree of sup- 
pression were graded. The diminution of the illumination of the dominant eye required 
to lift the suppression of the other (binocular light balance adaptability) was measured 
in each case. 


TABLE I 
PARTICULARS OF 150 UNSELECTED CASES 





Percentage of Total 





Unnoticed 
Before 9 mths 

9 mths to 4 yrs 
Later than 4 yrs 
Did not know 


Visual Acuity H.M. to 2/60 
3/60 to 5/60 
6/60 to 6/36 
6/24 to 6/12 








Refractive Errors Anisometropia 

Hypermetropia >more than 1 D sph. or cyl. 
Myopia 
Small or no error 





Degree of Deviation | 0 to 5°d 

5 to 10°d convergent or divergent 
Above 10°d 

1° or more (vertical) 





Direction of Deviation | Convergence © 
Divergence 
Varying from esotropia to exotropia 











Apparatus.—For the more detailed part of the examination 100 patients were examined 
on the orthoptoscope. The slides were seen by transmitted light which was so balanced 
that they were equal in luminance (Pugh, 1951). 

Calibration of Light——The amount of light presented to each retina was adjusted by 
the use of Ilford’s neutral density filters. These filters were cut to the size of the lens and 
slotted into the lens-holders in the eye-pieces of the orthoptoscope. They were used in 
several series: 


(a) of 1 per cent. differences from neutral density 2-0 to density 1-0 (allowing 1 per cent., 
2 per cent., 3 per cent., up to 10 per cent., transmitted light); 

(b) of 5 per cent. differences from neutral density 1 0 (10 per cent.) to density 0-52 (30 per cent.); 

(c) in 10 per cent. differences to density 0-30 (50 per cent.); 

(d) in 20 per cent. differences to density 0-05 (90 per cent.). 


By a combination of filters the light in the good eye could be reduced to 1/10,000 if 
necessary. 

Procedure.—The measurements were taken in a dimly lit room. The “ retinal rivalry ” 
slides of Chavasse Nos. 7 and 8 were used (Figs 1, 2, 3, 4). One slide showed rings com- 
posed of eight dots, the rings varying in size so that the largest subtended an angle of 5° 
and the smallest one of 50’. The next slide gave rings subtending 50’ down to 5’. The 
companion slides had a cengral dot with two vertical dots and two lateral dots in the form 
of a cross, the central dot acting as a fixation spot when the peripheral dot coincided 
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Fic. 1 (a and b).— 
Rings graded in size. 
Largest subtends 
angle 5°, smallest 
angle 50’. 


Fic. 2 (@and 5).— 
Crosses subtend 
same angles as rings 
in Fig. 1. Central 
control dots graded 
in size. Largest sub- 
tends angle 1° 24’, 
second angle 20’, 


Fic. 3 (a and b).— 
Rings graded in size. 
Largest subtends 
angle 10’, smallest 
angle 5’. 


Fic. 4 (a and b).— 
Crosses subtend 
same angles as rings 
in Fig.*3. Central 
control dots graded 
in size. Largest sub- 
tends angle 10’, 


. smallest angle 1’. 


smallest angle 10’. 


with the four dots in the opposite rings. The central dots varied in size, the largest 
subtending an angle of 1° 24’, and the smallest 1’. One set of slides had black dots ona 
white background, the other white dots on a black background. 

At each examination the good eye was padded and the weaker was shown the first 
Slide of crosses, first, the black dots on the white background, and second, the white 
dots on the black background. The patient was asked to count the dots in the large design 
(which was equivalent to a 1/60 Snellen letter), and to describe whether they were seen 
equally clearly and equally brightly. If he were successful in this, he went on to the cross 
equivalent to 3/60 Snellen type, and then to the 6/60. The second slide showed crosses 
equivalent to Snellen types 6/60 down to 6/6. When the monocular tests had been 
completed, the pad was removed from the good eye and time given for both eyes to adjust 
themselves normally to light. The eyes were then examined binocularly to find out 
what difference occurred in the acuity of the amblyopic eye when the dominant eye was 
looking at the companion slide. The reduction in acuity, which was very marked, was 
then measured by reducing the light transmitted through the slide seen by the stronger eye 
until the stimulus was low enough to allow the vision of the bad eye to return to its previous 
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optimum degree of resolution. In some cases this was not possible because a point was 
reached when the good eye began to suppress when the light was very reduced. In the 
patients who had a great enough degree of acuity in the poor eye, a further test was made 
to find the reduction of light needed in the good eye to. balance the stereograms. 

The stereograms represent a tunnel or a cone so drawn that when the outside rings are 
fused, the inside dots or rings should be seen centrally on a nearer or more distant plane 
then the outside ring. The reduction in light balance needed in the dominant eye to cen- 
tralize the near part of the diagram was then correlated with the filter necessary to prevent 
suppression of the small dots on the Chavasse slides. 


Results 

It soon became evident that in order to get any consistent evidence, the 
good eye must be padded and not covered. This was because small gleams 
of peripheral stray light entering around the cover could alter the results 
obtained, whereas when the eye was padded no light could enter even through 
the closed lid and the results were much more consistent. All monocular 
tests were therefore carried out with the good eye padded. The results are 
summarized in Table II, where the findings in 100 patients examined in detail 
are given. 


Monocular Tests 
Visual Acuity.—Of the total of 150 cases, 31 had visual acuity between hand move- 


ments and 2/60, 14 between 3/60 and 5/60, 57 between 6/60 and 6/36, and 48 
between 6/24 and 6/12. 

With repeated careful examination of the visual acuity it was noticed that a con- 
siderable number of the patients could read part of the line only and that this in- 
crease was always in the same direction. The first letter of, say, the 6/36 line would 


be seen but not the second, or perhaps the first one or two letters of 6/24 line was 
seen but not the third. When the patients were tested on various charts with differ- 
ent letters and in different rooms, it became evident that there was no doubt that 
some amblyopic eyes could see better when the visual axis was adducted to fixate 
than when it was abducted; other eyes had the reverse directional preference, and 
would see the end of the line when the eye was abducted but failed on the same letter 
when the eye was adducted. This directional difference was lessened but not re- 
moved when the letters were covered leaving only one visible at a time. In this way 
a blurred letter seen with the eye in the position of abduction would become clear 
enough to recognize, but still not as clear as the letter at the other end of the line 
when that was seen separately. Improvement was gained by putting a pin-hole 
in front of the amblyopic eye; the directional difference was again lessened but not 
removed. 

Patients who experienced this alteration in acuity according to the direction of 
regard tended to move the head from side to side in an effort to see, and the more 
intelligent felt frustrated and annoyed at the inability of the same eye to see the 
same letter as clearly on, say, the right side of the board as on the left side, when both 
letters were of the same size and there was no hindrance to prevent his seeing it. 

When details of the usual acuity were examined in the orthoptoscope with Chav- 
asse slides, it was possible to find out which part of the corresponding Snellen 
letter was seen faultily, since each cross consisting of five dots subtended the same 
angle as the corresponding test type letter. Thus the 3/60 cross made up of five dots 
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TABLE II 
RESULTS IN 100 CASES 





Retinal Correspondence 





Visual 
Acuity Transitory 
Normal—Abnormal 





HM to % 15 foe 
to to Fy 3 
gy tO sf 7 
vf; to 4 
~Totals | 8 Eccentric ee + 29 

















Directional Difference in Acuity 


Abduc- Adduc- | Abduc- 
tion | Central| tion tion | Central 














HM to | 15 
es to gs | 3 


fs tO fs 1* 6 

















frto%| 1° 
Total | 2 | 


Degree of Deviation 




















0-5 10+ | 0-5 | 5-10 | 10+ 
1 0 | 1 





HM to g; 
to to gy | 














2 
0 0 
0 | 14 0 
0 18 0 





tr to ay | 


Total 
Percent- 
ages 





69 23 76 





| 
| 
| 
Bo tO x5 | | 
| 
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*Directional preference in acuity against the direction of deviation. All others with the direction of deviation— 
lateral and/or vertical. 





subtended anangleof 1° 40’, but the centre dot subtended an angle of 20’ and would, 
if its image fell on the centre of the fovea, just cover the slender central cones. As 
the 6/24 letter also subtends 20’ and would cover the same area, it was not surprising 
to find that difficulty in resolution of a target of this size was present in about 
66 per cent. of all the cases in the present series. 

There was also present a directional difference which was similar to that found 
in the usual test with the Snellen letters. For this test the crosses were of white 
dots lit by transmitted light on a black background. The patient was asked to 
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count the number of dots in each cross and then to look at each dot in turn and 
say whether each one was equally sharp and clear. Some patients had difficulty 
with the central dot only, others said that the 3 or 9 o’clock dot was much duller, 
even to disappearing, whereas its opposite lateral dot was correspondingly brighter 
than either the 12 or 6 o’clock dot. Several patients with a marked vertical devi- 
ation saw the top or bottom dot clearest with a corresponding blurring of the oppo- 
site top or bottom one. These differences were consistent through the months 
and quite definite. 

The blurring sometimes appeared to be graded across from the one side dot 
through the centre to the other side dot and it remained so however much the patient 


looked at each in turn. 


Fixation—Some indication of the degree of amblyopia was given by fixation 
on the letter of the Snellen type. An eye which failed to direct its visual axis to- 
wards the target but always took up the same deviated position in the effort to see it, 
could be said to have Eccentric Fixation. A less poor eye was able to look straight 
in the direction of the letter but made small searching or scanning movements 
around it in an effort to distinguish the shape. These searching movements were 
less as the acuity improved until finally an eye with acuity as high as 6/24 fixed 
apparently steadily, although when examined on targets subtending small angles 
the power of fixation was seen to be not quite normal. 

When fixation was tested in an orthoptoscope, the good eye was padded and slides 
with varying size targets were put in front of the amblyopic eye. As the patient 
fixed the target, the eye was very carefully watched and the smallest movement 
was noted. Targets were used which subtended angles of 20’ down to 1’ in con- 
secutively diminishing angles (Figs 1-4 show Chavdsse slides in which the centre 
dots subtend 1° 25’, 20’, 10’, 6’, 4’, 3’, 2’, 1-5’ and 1’). 

Relatively few eyes had a definite eccentric fixation, and only 8 per cent. turned 
the eye in an attempt to fix with an indefinite region of the peripheral retina. The 
acuity was between hand movements and 2/60. 

The next group showed asymmetrical foveal searching movements, a rather rapid 
lateral scanning of small excursion, but with slight asymmetry of movement as if 
one side of the fovea was dominant to the other. The rapidity of the movement 
made measurement of the amount difficult but it was assessed at 30’ to 60’ of arc; 
29 per cent. of patients had this type of fixation, all had directional preference 
in acuity, 24 preferred the direction of deviation, and 5 were against the direction 
of the deviation. 

An indefinite group of 16 per cent. of patients had a searching movement which 
sometimes appeared to be central and other times asymmetrical; they allshowed 
a slight directional preference. 

In the last group, symmetrical foveal searching movements were to be seen. The 
movement was more hesitant and not the same sort of lateral scanning as in the 
previous group; 22 per cent. had a coarse central movement which became more 
wandering the poorer the vision. The loss of acuity was found to be greater in 
the centre; 25 per cent. of cases with 6/24 or higher acuity had nearly steady central 
fixation; only one had any directional acuity in fixation. 


Binocular Tests 
3A) Suppression —This was found to fall into four groups: “ major suppression ”, 
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“constant deep central suppression ”, “‘ on’ and ‘ off’ foveal suppression ”’, and 
“ marked suppression ” in definite areas of the peripheral retina. 

(i) The first occurred readily and lasted for short or long periods, during which 
the eye ceased to register any form Vision or colour vision. However not one 0: 
the 150 cases had anything approaching a constant suppression on targets the angle 
of which were large enough to include some of the peripheral retina. 

(ii) In the second, the part of the target subtending an angle covering 

‘approximately 20’ at the fovea and falling on the slender central cones was not seen 
at all, although controls stimulating an area around the centre subtending an — 
angle of 1° 40’ remained visible. 

(iii) The third, found in the lighter amblyopes, was a rhythmical form of sup- 
pression affecting the slender central cones, the rhythm varying according to the 
degree of amblyopia and also altering with treatment. At first, for instance, a dot 
subtending an angle of 10’ at the fovea would be “ off” for say 5” and “on” 
for 2”; as the vision improved the dot would be seen for say 5” and disappear for 
2” until it ceased to disappear. 

(iv) The fourth appeared to occur mainly in the peripheral retina and much less 
at the fovea. This is difficult to explain when the fovea is incapable of resolving 
small details. If the eye is watched very carefully, the moment the dot has reached 
the visual axis where the image should fall on to the fovea, a very tiny sharp flick 
of the eye occurs. Sometimes even a good observer cannot persuade himself that 
he loses sight of the target, or at most that perhaps it disappeared for a split 
second. The fovea in such a case has no better power of resolution than the fovea 
of a correspondingly amblyopic eye with central suppression and yet subjectively 
the patient will not admit to any form of real central suppression. This last type 
of peripheral suppression occurs without exception in all cases showing definite 
abnormal retinal correspondence, the scotoma always being approximately in that 
part of the retina facing the same direction as the fixing macula in the good eye. 
(B) Light Balance Adaptability These showed the strength of the inhibiting 
effect of the good eye on the bad eye. 

In the amblyoseope, the Chavasse slides were arranged so that the crosses were 
aligned along the visual axis of the bad eye and the corresponding circles along the 
visual axis of the good eye. When the retinal correspondence was normal, fusion of 
the outside dots was usual and the behaviour of the central dot which was seen 
by the poor eye only, was noted. An eye which could see a dot subtending an 
angle of 4’ or 6’ when used monocularly might be unable to see it binocularly. 
A dot subtending an angle of 20’ until the light intensity of the slide seen by the 
good eye was reduced. In some cases no amount of reduction of light brought 
back the acuity of the amblyopic eye; but more often the reduction of light trans- 
mitted to the good eye to 1/100 or perhaps even to as little as 1/10,000, would restore 
the resolving power of the amblyopic eye to its monocular standard. 

When abnormal correspondence was present, a different kind of response 
occurred. The slides were placed along the visual axes and were seen simultaneously 
but were not accepted as coincident. The resolving power of the amblyopic eye 
was little influenced by the use or non-use of the good eye. Padding of the good 
eye might increase the resolving power very slightly. The acuity was noted first 
with the good eye padded, then with the pad off and full light to the good eye, and 
finally with the companion slide. The difference, if any, was very slight in mOst of 
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the cases. A reduction of light to 1/100 to the good eye “ perhaps helped ”, but 
not enough to matter. When the vision was very low a central scotoma was 
present, and this was demonstrated by shutting the dominant eye. Such a case 
seemed to be developing into a true eccentric fixation. : 


Discussion 


Visual acuity on Snellen type and the resolution of the dots making up 


diagrams of similar size 

On this examination the patients’ answers were divided into two definite 
groups, those with directional difference for acuity and those with none. 

In the first group the eye has different degrees of difficulty according to 
the direction along which the visual axis is aligned on to the letter; 
the eye is able to see a letter when it is fixed in one direction but 
sees the same letter only as a blur and can not resolve it into its shape when 
the eye fixes in the opposite direction. To take, for example, a right eye with 
an‘adduction preference trying to read a line P N T D: the first letter P was 
clearly seen but as the eye fixed each letter in turn the difficulty increased, the 
T being doubtful and the D blurred beyond recognition; this was true which- 
ever letters of the alphabet were chosen. If the letters P.N T were covered, an 
immediate improvement in acuity occurred and the single letter D might 
become clear enough to be seen. Improvement was also obtained by using 
a pin-hole in a black shield. However, the difference between the resolving 
power in adduction and abduction was not completely eliminated, because 
having achieved each letter of 6/18 by taking each separately, the eye might 
distinguish the first letter (7.e. adduction position) of 6/12 but could see no 
more even when each separate letter was covered. 


The directional difference evident on the Snellen type is again shown 
consistently on the Chavasse slides in 


the orthoptoscope. . To take a right 
eye with adduction directional pre- 
ference, the picture which should be 
seen as Figs 1 (a) and 1 (b) with all 
dots equally clear, appears to the 
patient as shown in 5 (a and 5), the 
dots shading in sharpness and bright- 
ness from the right side to the left. 
As the eye moves its fixation from 
Fic. 5 (a and 6).—Chavasse slides (each taken the position of slight adduction 
separately) as seen by patients’ right eye (left - through an arc of 5° to a position of 
pA a gy ee renee slight abduction, the fovea loses its 
power of resolution. The dots are 
of equal size and the top dots subtend an are of 1° 24’ so that the 
image of each dot falls well within the fovea although including some of the 
wider cones. The same effect is noticed if the dots are smaller and 
subtend 20’, and are within the arc of the slender cones. This “ shaded” 
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acuity is the same kind of difference as occurres when the eye. is 
reading the letters of the Snellen type. The right hand letter of the line is 
seen correctly, but the left hand letters are too blurred and are described as 
“ ghostly ” or “ unreal ”’. 

~ When the cases were analysed, it was found that in the group with lowest 


‘vision the percentage of cases with abnormal correspondence was highest and 
that in the group with highest vision the percentage of similar cases was lowest. - 


The next point of interest was that the angle of deviation was greater in the 
cases with abnormal correspondence; 31 per cent. had more than 10° of 
deviation and only 24 per cent, had less than 5°. In the cases with normal corre- 
spondence 76 per cent. were less than 5° and only 2 per cent. over 10°. This 
suggested that the higher the deviation the more likely it was that the retinal 
correspondence would be abnormal and therefore that the visual acuity would 
have directional preference. 

These findings were then correlated with the binocular light balance (Table 
Ill, overleaf). Of-patients with directional preference and abnormal retinal 
correspondence, 44°8 per cent. had an amblyopic eye in which the foveal vision 
was apparently unaffected by the activity of the good eye, in 27-6 per cent. 
the amblyopic eye was inhibited by the activity of the good eye, the necessary 
light reduction being of the order of 1/5,000, and -27-6 per cent. were 
moderately affected, the balance being about 1/500. 

With mixed correspondence the inhibitory effect of the dominant eye through 
the cortex is much more often present—the nearer to constant normal 
correspondence the more marked the inhibitory effect of the good eye. 

In the second group (with normal correspondence and no directional 
preference), there is plenty of evidence that the suppression of the image 
of an amblyopic eye is controlled to a considerable extent by central 
inhibition. The chief type, causing sudden and complete temporary 
loss of all form and colour vision, can easily be demonstrated in a 
stereoscope or amblyoscope; it must be of central origin since it does not 
occur if the good eye is padded. Thesecond is the intractable type, occurring 
at the fovea and appearing to affect the central cones only, since objects sub- 
tending an angle of 20’ or even up to 1° 24’ are not visible, although the 
surroundings or extension of the object beyond this area can be seen. This 
is true as long as the good eye is uncovered, but when it is shut the whole 
of the centre of the picture is immediately seen by the poor eye within its 
limits of its acuity. Also if the light transmitted to the good eye is reduced 
by filters the suppression in the bad eye becomes less, and progressively 
smaller targets can be seen until the inhibiting effect of the dominant eye is 
cancelled by the diminished stimulus to it. This balance must be controlled 
through the cortex. 

The third type, which is perhaps only an early stage of the second type, 
occurred in the higher acuity groups. The suppression is still foveal and 
only occurs on targets subtending an arc of 1° or less. Moreover, the 
suppression is less constant and occurs at seconds’ intervals. This suppression 
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TABLE Ii 


DEGREE OF REDUCTION OF LIGHT TO GOOD EYE NEEDED TO RESTORE RESOL- 
UTION OF AMBLYOPIC EYE TO MONOCULAR STANDARD (100 CASES) 





Degree of Reduction Retinal Correspondence 
Monocular Visual of Light to Good 
Acuity Eye 





Abnormal Transitory Normal 
Normal— 
Abnormal 

None {1 1 
HM to 3 Up to ata : 


rb00 0 19 b00 














None 
Up to sts 
r.000 € y,b00 


None 
Up to 535 
1305 to rs d00 




















None 
ty to x4 Up to ats 
1000 tO r5,b00 


Total (includes 8 Eccentric Fixation with 29 13 
Foveal. Loss) 














None 44°8 7:7 














Total Percentages Moderate 27-6 30-8 








Much 27-6 61:5 











also can be controlled binocularly by altering the relative light intensities 
transmitted to the two eyes. Table III shows that 80 per cent. of the patients 
with normal retinal correspondence had an amblyopic eye which suppressed 
very readily as soon as the good eye was used. The filters needed to prevent 
this inhibitory effect were of such strength as to reduce the light transmitted 
to the good eye to less than 1/1,000 and often to as little as 1/10,000 before 
the vision of the amblyopic eye returned to its monocular standard. No case 
in this group was entirely unaffected by the activity of the good eye, but 
20 per cent. of cases could balance a light value of over 1/1,000. Even so, 
this reduction of light to the good eye was much greater than was found to be 
necessary in the cases with abnormal retinal correspondence. 


Summary 
The aim of the investigation was to obtain further evidence which might 
assist in the localization of the site or sites of inhibition which lead to the 
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reduced visual acuity found to be present in amblyopia. Foveal vision was 
examined in detail in 100 cases, which were selected as being good observers 
out of the 150 unselected cases examined in the initial stages. 

Most of the previous evidence has favoured the cortex as the site of inhibition. 
The results of this series showed that cortical inhibition could be readily 
demonstrated as the probable main site of inhibition in only about 50 per 
cent. of the cases. Further study showed that it was when the eyes were 
approximately straight that the cortex was more likely to be the main site 
of inhibition; 76 per cent. of the patients had an eye which deviated only 
5degrees or less, and only 4 per cent. had a deviation of more than 10 degrees. 
All the cases in this group had normal correspondence, although 12 per cent. 
had also directional preference in visual tests. 

In the remaining 50 per cent. of cases cortical inhibition could be demon- 
strated in 52 per cent. of the patients who had definite abnormal correspon- 
dence, and also in 92 per cent. of those with an indefinite retinal correspon- 
dence. The activity of the good eye influenced the visual acuity but much 
less than in the first group and less consistently. In 48 per cent. of the patients 
with marked abnormal retinal correspondence any inhibition through the 
cortex brought about by the stimulus of the good eyewas so slight that it could 
not be readily demonstrated. In all these cases anomalies of foveal vision 
were manifest in the alteration of acuity according to the direction of fixation. 

When this second group was analysed further, 76 per cent. of the patients 
with marked abnormal retinal correspondence were found to have a deviation 
of more than 5 degrees. Directional anomalies were present in all these 
cases so that it would appear that the greater the deviation the higher the 
chance that directional preference would develop. 

This linkage between the angle of deviation, retinal correspondence, and 
cortical suppression suggests the probability of some local change in the 
photo-receptors of the fovea which thus appears to be an important site of 
defective foveal vision. One type of inhibition did not exclude the other, and 
both types appeared to be inter-related. When the foveal cells seem to have 
adjusted abnormally, central inhibition is less easily demonstrated and vice 
versa. 

The correlation between the amount of deviation and the anomalies of 
foveal response is difficult to explain, but nevertheless the possibility of local 
changes: in the fovea due to continued and constant deviation of the visual 
axis appears to be worth further investigation. 
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VALUE OF ABNORMAL RETINAL CORRESPONDENCE 
IN BINOCULAR VISION* 


BY 


M. LEVINGE 
Birmingham and Midland Eye Hospital 


ABNORMAL retinal correspondence has been a vexed subject since the physi- 
ology of binocular vision and strabismus have been discussed, but it seems to 
be generally accepted that it is an adaptation of the sensory relations of the 
retina to the squinting position. 

Normal retinal correspondence is present when any pair of corresponding 
points have a common visual direction; abnormal retinal correspondence 
occurs when retinal areas which are ordinarily disparate prove to have a 
common visual direction (Swan, 1950). 

At the onset of a squint, retinal correspondence is normal and projection 
is incorrect by an amount equal to the angle of deviation, but according to 
Duke-Elder (1950): 

at a later stage the normal orientation centred on the macula may change, a perceptual 
correction is made, and projection becomes correct in spite of the deviation. In essence 
abnormal retinal correspondence is a mental re-orientation of the displaced image of one 
eye in binocular fixation to make allowance for its faulty position. 

The extent of the ultimate value of abnormal retinal correspondence is 
widely disputed. Javal (1868) concluded that it was a new system of reaction 
depending on awareness of the position of each eye with regard to the body; 
that each eye followed its own monocular projection in order to secure 
accurate location of objects. Verhoeff (1938) gives a similar opinion, and 
says that retinal correspondence does not exist in cases now classified by 
the term abnormal retinal correspondence. Duke-Elder (1950) states that 
“anomalous correspondence frequently takes no part in binocular vision 
and would seem to be biologically valueless”. Burian (1941), on the other 
hand, maintains that it is an attempt of the organism to restore some sem- 
blance of binocular vision; a substitution for the normal of an abnormal 
reaction of a similar type. 

This diversity of opinion presents a very baffling picture to orthoptists, and 
we have.attempted to exorcise or to abolish abnormal retinal correspondence 
from the binocular function of the squinting patient, assuming that it cannot 
have a useful part in binocular vision. Our therapy has been singularly 

‘unsuccessful, and, since we are forced to accept this condition in a number 
of our patients, it would seem reasonable to attempt to assess its place in 
certain clinical findings which we have at our disposal. 


INVESTIGATIONS 
Abnormal retinal correspondence is a sensory adaptation to a particular motor 
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condition, and is acquired for the use of the eyes under ordinary conditions of seeing. 
It may function only under certain visual conditions, and therefore be manifest 
only when these are present. Normal correspondence may be suppressed completely 
or partially, and the extent to which that suppression functions depends upon the 
visual circumstances. 

It will depend largely therefore on the method of investigation whether normal 
or abnormal response is demonstrated. Various tests may evoke different responses, 
or the same test may show varying responses at varying times. The more nearly 
the test is related to the ordinary conditions of seeing the more likely it is to elicit 
a response which shows the usual adaptation of the patient. If abnormal retinal 
correspondence exists in certain circumstances, it will be demonstrated only by 
tests which duplicate those circumstances. The innate normal correspondence 
is much more likely to become dominant if the patient is presented with an unusual 
visual image, depending on how deeply grounded is the anomalous correspondence. 

The same individual’s response to different tests may vary considerably, since each 
test assesses a different thing. For example, the after-image test demonstrates 
the projection of the two maculae in a field of uniocular vision, whereas the synop- 
tophore, Maddox rod, and diplopia tests indicate the projection of the macula of 
one eye and the non-corresponding retinal area of the other eye, in a field of binocular 
vision. 

Before proceeding with this investigation considerable thought was given to 
devising an additional test which would investigate projection under normal 
conditions of seeing, i.e. with a binocular visual field, without dissociation of the 
eyes by filters and without presentation of bizarre visual images. This proved to 
be impossible. 

However a very simple apparatus was set up, remotely suggested by Burian’s 
investigation of abnormal retinal correspondence. A system of polarized lenses 


was used. The patient looked through a pair of goggles containing polarized lenses 
and fixed an illuminated oblong, the upper portion so polarized that it could be 
seen only by the right eye, and the lower portion so polarized that it could be seen 
only by the left eye. Each section had a control mark. 


Fig. 1.—It was considered that this would produce a minimum of interference 
with the normal visual circumstances. The method of investigation is not 
































Fic. 1.—Projection test. 
(a) Polaroid lens attachment 
(5) Polaroid lens goggles 
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complicated. The angle of deviation is measured by prism and cover test, and 
then the projection is investigated. One of the following responses may be elicited: 

(1) If binocular single vision (B.S.V.) is present the oblong is seen complete, with two 
control marks. ‘ 

(2) The presence of strabismus is demonstrated by one of the following: 

(a) Normal retinal correspondence (N.R.C.).—The two sections are displaced corres- 
ponding to the angle of deviation. 

(b) Abnormal retinal correspondence (A.R.C.).—The two sections are either displaced 
to a degree less than the angle of deviation, indicating unbarmonious correspondence, 
or seen complete and undisplaced, indicating harmonious abnormal retinal corres- 
pondence. The angle of anomaly may be measured with prisms. 

(c) Complete suppression of one image.—For future reference this will be called the 
** projection test”’. 

Figs 2 and 3.—Since it was considered important to assess individual response 
on a variety of tests, the complete investigation included the following: 

(1) Visual acuity test, (5) Double-image test with red filter, 

(2) Prism and cover test, (6) Assessment of fusional response with prism test, 

(3) Subjective cover test, (7) Assessment of physiological diplopia, 

(4) After-image test, (8) Assessment of binocular convergence, 

(9) Synoptophore test. 

The synoptophore investigation included measurement of the subjective and 
objective angles of deviation with foveal, macular, and paramacular slides, and with 
the deviation corrected by prisms. Fusion, ductions, and stereopsis with numbered 
slides were tested, and an attempt was made to assess the possible degree of visual 
acuity. It is said that, if abnormal retinal correspondence is a binocular condition, 
it must incur the conjunctive use of the high grade visual area of the macula with 
one of low grade visual response, and it was considered that it would be interesting 
to assess this. An attempt was therefore made to do so in this manner: 

Slides of Snellen’s test type were used and the patient was instructed to fix a letter on 
the line of maximum visual acuity. The illumination was decreased for each eye in turn, 
and the amount of illumination required for recognition of the visual image was recorded 
from the rheostat controls. 








Distance A to B is equal to the angle of deviation. 
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Fic. 2.—Responses elicited by projection test. 
- (a) With binocular single vision 
(6) Squint with normal retinal correspondence 
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Four groups of patients were investigated (see- Table): 
(A) Forty cases (taken at random from the current files) which were diagnosed 
on the synoptophore as Jacking normal retinal correspondence (L.N.R.C.)* 


(B) 58 cases of abnormal retinal correspondence (A.R.C.). These were discharged 
as cosmetically satisfactory in 1952 and 1953, or taken from the current files. 


(C) 34 cases (made up as above) of small degrees of esotropia in which there 
had been doubt as to the state of binocular function. 


(D) Twenty cases (taken at random from those discharged as cured in 1953) 
which used to squint but now had binocular single vision (B.S.V.). 


The investigation was planned to give information on the following points: 
(1) Age at onset of squint (Table, Section 1). 
(2) Type of deviation (Table, Section 2). 
(3) Influence of refractive errors (Table, Section 3). 
(4) Degree of binocular vision (Table, Section 4). 
(5) Response to various tests (Table, Section 5). 
(6) Angle of anomaly (Table, Section 6). 
(7) Relationship of abnormal retinal correspondence to amblyopia (Table, 
Section 7). 
(8) Assessment of visual acuity (Table, Section 8). 
(9) Response of abnormal retinal correspondence to orthoptic and surgical 
treatment (Table, Sections 9a and 5). 
(10) Presence of symptoms ((Table, Section 10). 
(11) Physical and mental dexterity (Table, Sections 11a-c). 
RESULTS 
(1) Average Age at Onset of Squint 
These results demonstrated the accepted conclusion that the ultimate degree 
of binocular function is dependent upon the age at onset of squint. Those lacking 


binocular functions showed the earliest age of onset, and those attaining binocular 
single vision, the latest. It is of interest to note that those cases found to have 








Distance A to B is not equal to the angle 
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& S$ Pa ae ae a ea 
A B 














Fic. 3.—Responses elicited by projection test. 
(a) Squint with harmonious abnormal retinal correspondence 
(6) Squint with unharmonious abnormal retinal correspondence 


*Except where otherwise stated Group A gave normal responses to other tests. 
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anomalous correspondence had a somewhat later age of onset than those lacking 
binocular functions (Fig. 4, p. 341). 
(2) Type of Deviation 

There was an overwhelming proportion of convergent squints in all groups. 


TABLE 


RESULTS OF INVESTIGATIONS 





Aspect of Investigation 


(A) 


i g . 
Normal Retinal 
Correspondence 


(B) 
Abnormal 
Retinal 
Correspondence 


_@) 
Binocular 
Single 
Vision 





Number ot Cases 


40 


58 


20 





(1) Average Age at Onset of Squint (yrs) 


1-7 


2°75 


3-6 





(2) T, of Devi- 
ation (per cent.) 


R.C.S. 


44 








L.cC:S. 


23 





A.C.S. 


33 





L.D.S. 





Accommodative 





Intermittent 





Constant 





(3) Refraction (per 
cent.) * 


Hypermetropic 





Myopic 





Anisometropic 





Emmetropic 





(4) Degree of Bi- 
nocular Vision 
Present (per 
cent.) 


Fusion 





Suppression of Fusion 





Adduction (average degree) 





Stereopsis 





Physiological Diplopia 





Fusional Movement 





Binocular Convergence 





mse to 


(5) Res 
Tests r cent.) 


Double Image | N.R.C. 





A.R.C. 





| Suppression 





N.R.C, 





After Image | A.R.C. 





Not observed 





N.R.C. 





Projection A.R.C. 





Suppression 





N.R.C. 





Subjective 
Cover A.R.C. 








Suppression 


| 





N.R.C. 


| 8 movement 


59 movement 





Synoptophore| A.R.C. 


89 


41 








L.N.R.C. 








Recovery Flicker 





60 
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DISPENSING OPTICIANS 


STALLARD OPERATING SPECTACLES 


These Operating Spectacles, designed by Mr. H. B. Stallard, 
F.R.C.S., were the subject of an article by him in the British 
Journal of Ophthalmology, October, 1950. They present the 
following advantages :— 

(1) When the extension carrying the lenses is swung upwards 
in front of the forehead, there is no obstruction below or to 
the sides of the operator’s field of view. (2) The lenses, 
being placed well in front of the operator’s nose and the plane 
of his mask, never become steamed over. (3) The spectacles are 
very light and comfortable, exerting the minimum of pressure 
on nose and ears. (4) They can be folded flat into a small space. 











BRITISH JOURNAL OF OPHTHALMOLOGY JUNE 1954 

















Completely 
absorbed 


Gelatin Sponge A& H, a sterile absorbable hemostatic, has 
application in all branches of surgery, from the simple 


epistaxis encountered in general practice to the more complex 
operations of neurosurgery. 

It minimizes blood loss when adequate hemostasis cannot 
be obtained by ligature, and will help to increase the safety 
of operative surgery in many fields. 

Gelatin Sponge A&H is pliable and may be moulded easily 
to any shape or size to meet the requirements of the occasion. 


Supplied sterile in glass containers in strips 2cm. x 6 cm. x 
0°7 cm., in boxes of six tubes each containing one piece; 
in strips 10 cm, x 20 cm, x 0°1 cm. in tubes containing one 
piece, and thin wafers 2cm. x2cm. x0'1 cm. in — of six 
tubes each containing six pieces. 





GELATIN SPONGE 
A«H 


An absorbable hemostatic 
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ABNORMAL RETINAL CORRESPONDENCE 
TABLE—continued 





(A) 


Aspect of Investigation 
Normal Retinal 





Number of Cases 40 

(6) of Anom- | Synoptophore —_ 
aly Yavcenge — 

Projection Test — 











Double-Image Test a 
Amblyopés 











Over 5 
under 14 








Age at Onset 
(yrs) 

















Synoptophore | 

Harmonious | Projection | 
(per cent.) 

| Double-Image | 

| 














(7) Amblyopia Percentage 
—— Age | Amblyopes 
(yrs) | Non-Amblyopes | 


(8) Assessment of Visual Acuity (per cent.). Fading 
of Image 














9 mse ay ge ARC. 
Gestion” (per | “Beate oF | 
cent.) mb | 2A.R.C. 


Vision 




















\ (b) Operation 


(10) Symptoms (per cent.) 
(11) Physical and e | (a) Poor at Games (per cent.) 


Mental Dexteri 











| 
| 
| 
| 
| 
| 
| 


"oD Poor at Tests (per cent.) 
(c) Average Age at Tests (yrs) 








Ss. Right convergent strabismus 
5. Left convergent strabismus _ 

S. Alternating convergent strabismus 

S. Left divergent strabismus 

Cc, = Normal retinal correspondence 

C. = Abnormal retinal correspondence 

R.C. = Lacking normal retinal correspondence 





Cc. 
C. 
.C. 
‘D 
»R. 
.R. 
.N. 


but fewer alternators in the anomalous correspondence group than in those lacking 
Yinocular function; there was an increasing proportion of accommodative type 


and intermittent squints, as the degree of binocular function increased. In Group B 
the size of the deviation was not of particular significance in cases of early or late 


onset, or in cases originally showing amblyopia. 
(3) Influence of Refractive Errors 
The greatest proportion in all groups werethypermetropic. 


(4) Degree of Binocular Vision 


Group A all lacked a subjective angle with simultaneous macular perception 
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slides of the three stated sizes. One case superimposed fusion slides, although 
this test had not previously been used. 
Group B all demonstrated some ability to fuse apengenetny slides except two 
tients. 
ns all groups, as one would expect, the amount of adduction increased with 
the degree of binocular function. 
The increased proportion of binocular response in these groups is worthy 
of notice. Fusional movement depended upon the presence of. physiological 


diplopia, but not all cases with physiological diplopia showed fusional movement. 


(5) Response to Various Tests , 
In Group A are included here all patients demonstrating both normal and 


abnormal correspondence but lacking correspondence on the synoptophore), 
The synoptophore did not elicit retinal correspondence in these cases, but with 
the exception of one patient, all demonstrated that this was present on the 
double-image test. All patients in this group gave a synoptophore response 
which corresponded with diagnosis on other tests. That is to say, if anomalous 
correspondence was demonstrated on other tests they “ crossed false” on the 
synoptophore; if normal correspondence was elicited, they “crossed true” on 
the synoptophore. A high projection suppressed one image completely on the 
projection test. 

In Group B 100 per cent. responded anomalously on the double-image test. 
The projection test showed a much smaller proportion of suppression response 
than in Groups A and C. The after-image test and subjective cover test gave 
varying. results. The synoptophore largely demonstrated anomalous corres- 
pondence. 

In Group C the double-image test gave a 100 per ent response with normal 
correspondence. The after-image test gave a high proportion with normal 
response. The projection test gave a majority response of suppression, higher 
than in Group A and greatly in excess of Group B. The synoptophore diagnosis 
was uncertain in many cases; that is, a movement occurred on cover testing, 
but one could not definitely demonstrate an angle of anomaly. However, in 
‘some cases (41 per cent.), a definite angle of anomaly was recorded. 

In Group D all patients gave normal responses on the double-image test, 
synoptophore, and projection test, except that 25 per cent. suppressed one 
image in the last. 

The recovery flicker on cover test could be clearly demonstrated in many cases 
in Group B. The deviating eye which takes up fixation on covering the other eye 
will, on removal of the occluder, deviate again to the maximum degree, and then 
partially recover fixation, to a degree which appears to correspond to that of 
the angle of anomaly. This recovery flicker may be seen on fixation of either 
eye, and should not be confused with the cover-test of fixation disparity, thus 
defined by Scobee (1952): 


If the right eye is covered there is a slight movement of the left eye to take up foveal fixation. 
If the left eye is covered there is no movement of the right eye since that is already in the 
position of foveal fixation. 


The patients in Group A shown to have a recovery flicker on cover test all 
gave anomalous responses on other tests. 
(6) Angle of Anomaly 

In Group B the average angle of ancusilty was constant at 5-5° on all tests. 
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The greatest was 11°, the least 2°. A greater proportion showed harmonious 
abnormal retinal correspondence on the projection test, than on any other. 
The age of onset appeared to have little bearing on the angle of anomaly. Those 
with early or late onsets still showed the average degree, and the same applied 
to amblyopia. 

In Group C the angle of anomaly in cases which gave a definite subjective 
and objective measurement on the synoptophore was smaller than that shown 
in Group B. The greatest was 6°, the least 2°. 


(1) Relationship of Abnormal Retinal Correspondence to Amblyopia 

In Group A the lowest original degree of amblyopia was 2/60. All patients 
' improved with occlusion, and none deteriorated. The average age of onset 
was 13 years, and of the non-amblyopes in Group A, 1-8 years. 

In Group B the proportion was very slightly higher than in Group A. The 
Jowest visual acuity was 1/60. 10 per cent. failed to improve with occlusion. 
All other patients showed and successfully maintained improvement. Fourteen 
amblyopes and twelve non-amblyopes had abnormal retinal correspondence of 
the harmonious type. The average age at onset of the amblyopes was 2} years, 
and of the non-amblyopes 33 years. 

In Group C there was a smaller proportion of amblyopes than in Group B. 
The lowest visual acuity was 1/60. ll patients improved with occlusion, but 
one deteriorated after discharge. The average age of onset for both amblyopes 
and non-amblyopes was 2:75 years. 

In Group D there was marked decrease in the proportion of amblyopes. The 
lowest visual acuity was 6/60. All patients achieved and maintained improvement 
with occlusion. The average age at onset of amblyopes was 3. years and of non- 
amblyopes 4 years. 

(8) Assessment of Visual Acuity 

The attempted assessment on the synoptophore appeared to indicate that 
patients in Group B retained the visual image for a shorter time on decrease of 
illumination. Only in 19 per cent. did this appear to be associated with.any degree 
of amblyopia. Two adults when using the synoptophore could superimpose 
images using either an anomalous or a normal correspondence at will, the 
distinguishing factor being that the images were brighter when using normal 
correspondence. 


(9) Response of Abnormal Retinal Correspondence to Orthoptic and Surgical 
Treatment 

(a) Original State of Binocular Vision—In Group B those patients who were 
originally diagnosed as having abnormal retinal correspondence retained this 
after orthoptic treatment (44 per cent.). The remainder showed a positive 
abnormal retinal correspondence when diagnosis was complete after several 
orthoptic sessions. 

(b) Operation.—In Group B,'of the 48 per cent. who received surgical treatment, 
all except one maintained a satisfactory post-operative result. This exception 
showed an increase of 8° in the angle of deviation when reviewed after discharge. 

The same pre- and post-operative angles of anomaly were maintained in 
21 cases. The pre-operative angle of anomaly was adapted post-operatively 
to the new angle of deviation. No case.developed normal correspondence 
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post-operatively, or changed from the harmonious to the unharmonious type. 
The one exception showed a decrease of 5° in the post-operative angle of anomaly. 
(10) Presence of Symptoms 

These included very few complaints of malprojection and clumsiness at the 
onset of squint; some occasional diplopia and poor stereopsis; some difficulty 
with close work. The percentage decreases markedly in Group D. 

(11) Physical and Mental Dexterity 

(a) Games.—The greatest difficulty was apparently experienced by patients in 
Group A; it was less in Groups B and C and least in Group D. 

(b) Intelligence.—This was superficially assessed, and note made of the patient’s 
difficulty in performing the tests (Fig. 5). It is reasonable to expect this to give some 
indication of the individual’s capabilities, since all were familiar with the synopto- 
phore test, and none had previously practised with the additional tests. The 
most successful were those in Group B. 


(c) Age at Time of Test.—The patients tested were of comparable age groups. 


DISCUSSION 

Of the diagnostic tests used, the double-image test appeared to record 
most accurately the state of retinal correspondence. But this is not an ideal 
method, since the red filter may dissociate the test from normal visual con- 
ditions, which is indicated by the fact that fewer cases showed harmonious 
abnormal retinal correspondence on this and the synoptophore test, than on 
the projection test where visual circumstances were more usual. Abnormal 
retinal correspondence of the harmonious type is the ideal adaptation, and 
it must be considered that this state may be demonstrated in many, if not in 


all, patients with anomalous correspondence, if investigations duplicate 


the usual visual conditions. 

The after-image test showed variable responses. Some patients who reacted 
abnormally on the double-image, projection, and synoptophore tests, gave a 
normal response on the after-image test. Perhaps this happens because the 
after-image. test assesses only the projection of the two maculae when tested 
in the uniocular visual fields, whereas the other tests assess non-corresponding 
retinal areas in the binocular visual field? The first response may be one of 
innate normal retinal correspondence; the second demonstrates the adapt- 
ation of the patient in normal vision. An anomalous response on the after- 
image test may indicate that abnormal retinal correspondence is well grounded 
and normal correspondence suppressed completely. If normal correspond- 
ence is elicited only on this test, it may follow that anomalous correspondence 
is not completely dominant, and that normal correspondence will function 
in unusual circumstances. 

The synoptophore appeared to be inadequate in the diagnosis of small 
degrees of esotropia. « It is maintained that in these cases where diagnosis 
of binocular function on the synoptophore is in doubt (i.e. it is not certain 
whether they have abnormal retinal correspondence or normal retinal 
correspondence with a small degree of intense suppression), it is essential 
to employ additional tests. Only in this way can a differential diagnosis be 
made. Some patients in this group (41 per cent.) gave definite objective and 
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subjective readings on the synoptophore; others merely recorded movement 
on the synoptophore cover-test; but all gave normal responses on the double- 
image test, and most of them on the after-image test (79 per cent.). It is 
interesting to notice that more than half (53 per cent.) showed complete 
suppression of one image on the projection test, and that the group with 
abnormal retinal correspondence included only 18 per cent. with suppression. 
This would indicate a more intense suppression in esotropia of a small degree. 
The average angle of anomaly was smaller in the esotropic group (3-7°) than 
in the group with anomalous correspondence (5-5°), although the latter. is 
considerably smaller than many authorities have considered typical. 

The synoptophore was diagnostically inadequate in patients with large 
areas of intense suppression. Such patients were more successfully investi- 
gated by other methods; 95 per cent. could be assessed on the double-image 
test, but the after-image and projection tests were more restricted by suppres- 
sion. About 50 per cent. suppressed on these tests, but this figure compares 
favourably with the 100 per cent. suppression on the synoptophore. It 
cannot be said, therefore, that a: patient lacks normal retinal correspondence 
merely because this faculty cannot be demonstrated on the synoptophore. 

It would appear that the conditions necessary for the development of 
abnormal retinal correspondence must be youth, adaptability, a consistent 
angle of deviation, and perhaps the existence of some binocular function 
before the onset of squint. The series did not include one case of strabismus 
acquired in adult life, the highest age of onset being 6 years. 

Fig. 4 shows that the average age of onset was 2-75 years, falling mid- 
way between those said to lack normal retinal correspondence (Group A), 
and those who had attained binocular single vision (Group D). 

The patients in Group B performed the tests with the least difficulty, and 
if this can be accepted as some measures of their mental capabilities, they 
were more adaptable and responsive than the control (Fig. 5). 

The greatest proportion of patients had constant convergent squints. 
Only 8 per cent. showed any mobility of deviation and only 3 per cent. were 
intermittent. 13 per cent. alternated, a surprising low proportion in view 
of the prevalent opinion that abnormal retinal correspondence is more 
common in alternating squint. 
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Fic. 4.—Average age at onset of squint. Fic. 5.—Degree of difficulty experienced in 
performing tests. 
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Abnormal retinal correspondence appears to have a reasonable place in 
binocular vision. Without doubt those patients investigated with abnormal 
retinal correspondence had a higher degree of binocular response than those 
lacking a positive anomalous correspondence (Fig. 6). 

Stereopsis, physiological diplopia, fusional movements, and binocular 
convergence were present to a greater degree. The anomalous group seemed 
to have established a positive upward movement towards binocular single 
vision. That abnormal retinal correspondence is indeed a binocular condition 

and not solely a uniocular adaptation 

1m of projection seems to be demonstrated 
by several adult patients, all of whom 
attended with ocular symptoms asso- 
ciated with near work. These proved 
on investigation to have small con- 
vergent squints with abnormal retinal 
correspondence. The symptoms were 
relieved on increase of binocular con- 
vergence, using the anomalous cor- 
~-—-—Physiological diplopia +respondence as a basis for training. 
Fusion One of these patients, an intelligent, 
aes arenes accurate observer, had noticed great 
Oded , difficulty in driving and playing tennis, 

LAC ARC. ESOTROPIA ®sX . when on a previous occasion he had 
been forced to be uniocular for a 
time. In this case, anomalous corres- 
pondence was extremely well grounded; it was demonstrable on all tests, 
and was of the harmonious type. 

Patients with abnormal retinal correspondence have a greater field of 
vision than those with a large strabismus lacking the adaptation of anomalous 
correspondence. 


A girl aged 16 years, with a constant alternating divergent squint, was found to have 
complete suppression on the synoptophore, but normal retinal correspondence was elicited 
on other tests. She stated that her visual field was controlled in this manner. When look- 
ing to the left, she used her left eye; when looking to the right, she used her right eye; 
the central field of vision was shared by either eye alternatively, whichever was the more 
convenient. The visual field of the non-fixating eye was always suppressed and when 
alternation occurred, she experienced a momentary loss of vision whilst fixation changed 
from one eye to the other. There was no binocular visual field. 

A patient with abnormal retinal correspondence not only has a binocular 
area of visual field, but also, since the deviating eye is not completely sup- 
pressed, a larger available field of vision. 

Perimeter charts of binocular visual fields were made for three patients: one with binoc- 
ular single vision, one displaying convergent squint associated with abnormal retinal 
correspondence, and one showing a convergent squint with normal correspondence, 
but lacking retinal correspondence on the synoptophore. 
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Fic. 6.—Degree of binocular response. 
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The child with abnormal retinal correspondence proved to have a field of vision com- 
parable with that of binocular single vision, but the child lacking anomalous function 
had a field of vision smaller by 9° left, 3° right, 5° elevation, and 2° depression. 

It is stated by some authorities that abnormal retinal correspondence is 
rarely associated with amblyopia. This did not appear to be the case, and 
the presence or otherwise of amblyopia seemed to be determined by the age 
of onset, cases of abnormal retinal correspondence with amblyopia having 
an earlier age of onset than those without amblyopia. 

Amblyopia is not affected by the degree of adaptation achieved; it was 
present equally in harmonious and unharmonious abnormal retinal 
correspondence. Patients with amblyopia did not demonstrate a variance 
of the size of the angle of anomaly, nor had the original angle of deviation 
any significance. 

There appeared to be little foundation for the view that anomalous 
correspondence is an unfavourable condition in surgical prognosis. Only 
one patient showed a small increase in the size of the post-operative devi- 
ation when reviewed at a later date, and certainly there was no indication 
that these patients revert post-operatively to their original angle of deviation 
in order to utilize the established anomalous correspondence; the angle of 
anomaly is always adapted post-operatively to the new angle of deviation. 

‘It is considered that orthoptic treatment is valueless in overcoming ab- 
normal retinal correspondence. In no instance was normal correspondence 
successfully re-established, although treatment was most painstakingly 
carried out in a large number of cases, and all therapeutic methods adopted. 
Whether, in view of the previous findings, it is desirable to negate this corres- 
pondence is questionable; it seems that much time and effort is wasted in 
attempting to re-awaken normal correspondence. Such an attempt is not 
only unrewarding but misguided, since the patient is more fortunate in having 
the positive advantage of anomalous correspondence, than in experiencing 
the negative condition of complete suppression. 

Abnormal retinal correspondence has been used as a basis for treatment at 
the Birmingham Eye Hospital for the past 18 months. It has been found 
to be beneficial in the treatment of adult patients with anomalous corres- 
pondence and poor binocular convergence, permitting the anomalous corres- : 
pondence to function. A numberof patients have been treated post-operatively 
in this way; abnormal retinal correspondence has been consolidated and used 
as a basis for adduction and abduction, and for binocular exercise off the 
synoptophore. This has been helpful in establishing comfortable binocular 
functions for the patient in every-day visual circumstances. 

It is suggested that the routine treatment of strabismus associated with 
abnormal retinal correspondence should be: 

(1) To overcome amblyopia by occlusion. 

(2) To correct the deviation by surgery where this is cosmetically indicated. 

(3) To attempt to consolidate the result, using anomalous correspondence, 
where it is sufficiently grounded, as a basis for orthoptic treatment. 
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CONCLUSIONS 

Abnormal retinal correspondence is a physiological part of normal binocu!ar 
vision in many persons and is a natural accompaniment of the binocular 
adjustment when the visual axes are not parallel in all positions. 

It is a binocular condition and not a uniocular adaptation of projection. 
That the anomalous projection should be fully adapted and therefore har- 
monious is admitted, but it is suggested that, since the phenomenon occurs 
only in free vision, present methods of investigation fall short in their 
duplication of normal visual conditions, and that the resulting responses 
may be an inaccurate indication of the patient’s true degree of adaptation. 

Abnormal retinal correspondence does not create an unfavourable surgical 
prognosis, but it cannot be eradicated by orthoptic treatment or replaced 
by normal correspondence. It is a condition to be encouraged and attempts 
to eliminate it are based on a faulty appreciation of its value and purpose. 


Ishould like to thank Mr. P. Jameson Evans for help and advice both in the planning : of i investi- 
~ ions and in the writing of this paper, Mr. J. H. Doggart for advice on presentation of the 
reef and the medical staff of the Birmingham and Midland Eye Hospital for the use of clinical 
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CATARACT SUTURES* 


BY 


W. L. HUGHES 
New York 


MosT eye surgeons used no sutures in routine cataract operations 30 years 
ago, but to-day some type of suturing is almost always used for the wound. 
During the last 15 years a great deal has been written on the subject of 
cataract sutures in regard to the materials from which they are made and the 
tissue reaction to various substances, and the advantages and disadvantages 
of various techniques. My criteria for the ideal suture are the following: 


(1) They should be fine and pass smoothly through tissue. 

(2) They should be dyed to be easily visible for handling and picking up during operations. 

(3) They should be sufficiently strong to hold tissues together. 

(4) They should be quite flexible and remain:so during the operation. 

(5) They should produce a small soft knot which can if desired overlie the cornea without 
damaging it. 

(6) They should not loosen after being tied. 

(7) The material should not crack or fray during manipulation. 

(8) The ends should be soft and lie flat so that they do not stick into or irritate the tissues. 

(9) They should produce minimal tissue reaction. 

(10) They should disappear spontaneously in about 10 days, leaving no sign of their 
presence. No further manipulation should be necessary at any time after the operation 
has been completed. 

(11) They should be able to be attachéd simply and easily, or should come attached to 
fine sharp needles that will pass through the eye tissues with little resistance. 

(12) The junction between the suture and needles should be smooth, not larger than the 
diameter of the suture, with no protruding shoulders, edges, or ends that will catch on 
tissues and cause any injury in passing through. 

(13) The needles should be tough and not break easily on being grasped with ordinary 
needle holders now in use. 

(14) The needles should be uniformly sharp with a moderately curved, cutting edge. 

(15) The most useful length of suture is about 14”. 

(16) The material should not swell, shrink, or weaken on being soaked in ordinary 
sterilizing solutions. 

(17) The sutures should be capable of being sterilized and re-sterilized without losing 
any of the above qualities. 

(18) They should be easily obtainable and reasonably priced. 


Material 
Fine silk was the first material used. This was excellent for the purpose; it 
was quite fine, its black colour made it stand out well, it was flexible, it knotted * 
well, it was sufficiently strong, and it produced as little reaction as any other 
suture material, but it had the one disadvantage that it had to be removed and there- 
fore necessitated a second manipulation and anaesthesia of the eye. This was the 
cause of some apprehension on the part of the patient and even in the most skilful 
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hands accidents happened with complications such as springing of the wound, 
loss of the anterior chamber, and hyphaema. 

This led to the search for other materials. Nylon both monofilament and braided 
had the same objection of nonabsorbability, and the next logical step was, of course, 
to try the only satisfactory absorbable suture in general use for surgery, viz. catgut. 
At first 4-0 plain gut was the finest available. These were tried and found to be too 
coarse; the knots produced were much too large and hard, and produced consider- 
able tissue reaction in experimental eyes. The cooperation of a suture company 
was obtained, and they produced a 5-0 plain gut suture with which several experi- 
ments were conducted to determine the characteristics and tissue reactions of this 
material in comparison with silk, nylon, and chromicized gut of the same diameter. 
The experiments of Hughes, Guy, and Romaine (1941) showed that the tissue 
reaction in the cornea and the sclera was approximately the same (possibly slightly 
greater for this size gut and the coarse needle supplied) in each case. This was 
rather surprising for it was expected that the gut suture would produce considerably 
more tissue reaction than either silk or nylon. 

The holding power of the sutures was determined by using a series of different 
types of suture to close wounds in typical cataract incisions in rabbits; at the end of 
a varying number of days a fine needle was passed into the vitreous and saline was 
injected until the intra-ocular pressure reached 80 mm. Hg. It was found that 
the wounds invariably broke open on the 4th or 5th day regardless of whether nylon, 
silk, or gut sutures was used. 

These experiments encouraged us to proceed further, and two leading suture 
manufacturers set out to improve on the absorbable suture material and needle 
available. The need was for a finer suture with a uniformly good needle. It was 
recognized that the 5-0 plain sutures were too coarse and that the needles provided 
were not sharp enough for fine cataract work. A 6-0 plain gut suture was produced, 
but on clinical trial this disappeared in about 4 to 5 days. A mild chromicized 
gut suture with a sharp needle was then made, and this was found to be superior to 
those previously tried, as it lasted from 14 to 20 days in cataract cases. 


This last type of suture is now being produced by two leading firms and Product 
A* and Product Bt were tested in a series of fifty cases. Two mattress sutures 
were used to close cataract wounds, one of A and one of B was placed at the 10.30 
and 1.30 o’clock positions respectively and compared as to quality of needle and 
material in accordance with the criteria enumerated above. The sutures and needles 
were found to be similar in most respects with two exceptions: 

(1) Product B 6-0 lasted on an average 2 or 3 days longer than Product A (i.e. A lasted 
12 to 18 days, B 14 to 21 days). 

(2) The points of the needles of Product A were on the whole somewhat sharper than 
those of Product B. This distinction varied as some needles were much sharper and passed 
through the tissues more easily than others. Occasionally the needle points of both types 
were dull and the edges not sharp, but on the whole the needles currently supplied by both 
companies are fairly satisfactory, although they are not as sharp as the hand-ground 
Swiss needles (C{). The last have the disadvantage that the needle must be threaded, 
and moderate force is required to bring the eyed end of the needle with the suture 
through corneal and episcleral tissue; this outweighs the advantage of the additional 
sharpness of the point when used with gut sutures. 





*(A) Ethicon Suture Laboratories. + (B) Davis and Geck. :(©) Grieshaber. 
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The sutures at present available do not meet the full requirements for the following 
reasons: 

(1) They are not coloured and are sometimes a little difficult to see quickly while 
operating. They are dyed with a brown vegetable dye which leaves no trace in 
the tissues. Some sutures were furnished dyed black with the same type of dye 
that is customarily used for black silk; most of this dye absorbed but sometimes 
fine specks remained on the sclera for several months. 

(2) They are not quite as flexible as they should be, although Product A was found 
to be better in this respect. Soaking for 5-10 minutes in Zephiran 1:5000 helped, 
but longer soaking weakened them. 

(3) They last too long on the average (14-24 days). On the whole the A sutures 
disappeared 2 or 3 days sooner than the B sutures. 

(4) The knots produced are too hard to be placed over the cornea and the cut ends 
sometimes stick out. 

(5) Sometimes the swaging is faulty, the end of the suture sticking out from the 
seam of the swaging. This has been corrected in the A sutures but it is still met with 
occasionally in the B sutures. 


There is therefore room for improvement in the manufacture of an ab- 
sorbable suture that will be more flexible, will not lose its strength when soaked 
in a germicidal solution, whose ends will be soft in the tissues, will tie into 
soft knots, and will absorb in a shorter time, about 10 days. Despite the 
lack of some ideal features the present sutures are quite good and have the 
advantage of absorbability. Spontaneous absorbability is obviously an 
advantage if other important characteristics are not sacrificed. 

Many surgeons felt that the tissue reaction to gut would be greater than 
that to silk. To test this clinically a series of one hundred cataract cases were 
done using two sutures, one of 6-0 silk suture, one of an other material; 
4-0 plain gut, 6-0 nylon, 5-0 plain gut, 5-0 chromicized gut, 6-0 plain gut, 
and 6-0 chromicized gut. It was found that 4-0 plain gut and 5-0 chromicized 
gut gave considerable reaction, nylon was about the same as silk, 5-0 plain 
gut gave slightly more reaction than silk, 6-0 plain gut and 6-0 mild chrom- 
icized gut gave about the same reaction as silk. It is quite possible that some 
other absorbable material will be found that will me more advantages and 


fewer shortcomings. 
Technical Considerations 


Many types of cataract wound closure have been tried; the criteria for the proper 
closure of the wound may be summarized as follows: 

(1) The cornea’ and scleral margins of the wound should be accurately aa 
and be able to be sealed quickly by the healing process. 

(2) The closing effect of the suture should extend along the limbus as far as pete. A 
mattress suture is thought to be best for this purpose. 

(3) The portion of the suture in the cornea should be placed before the eye is opened. 

(4) The corneo-scleral loop of the suture should not include the margin of conjunctival 
epithelium covering the limbus or the edge of a conjunctival flap. 
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(5) The closure should be strong enough to resist an intra-ocular pressure of consider- 
able force (at least 80 mm. Hg was selected as an arbitrary figure) for the first 4 to 5 and 
preferably 7 to 8 days, 

Most of the suturing techniques described in the literature were tried. Any 
suture, like the direct approximating suture placed across the wound edges at the 
limbus (whether with or without a small conjunctival flap including the external 
layer of epithelium), is likely to fold in epithelial cells along the line of the wound, 
These cells sometimes grow inwards and form cysts or epithelialize the anterior 
chamber. The typical Stallard suture tended to do this, as did most of the so-called 
** track ”? sutures and direct sutures used in the lips of the wound. It has been 
frequently noticed that a cyst will form on the inside of the cornea directly under- 
neath the fine scar of a limbal suture of this type. The McLean suture avoids this. 
The Stallard suture, having the advantage of being a pre-placed mattress suture, 
was used in a series of sixty cases; epithelialization of the anterior chamber was 
seen in two cases and cyst of the iris in one. These complications were felt to be due 
to the infolding of the conjunctival edges caused by the suture, thus favouring 
downgrowth of conjunctival epithelial elements into the wound during the early 
healing process. If they continue to grow into the anterior chamber they may 
either seal themselves off and form a cyst or spread out on the inside of the eye and 
produce an epithelialization of the anterior chamber. That this was most likely 
the case is suggested by the fact that since the Stallard suture was modified so that 
the edges of the conjunctival flap are definitely kept out of the wound, no anterior 
chamber cyst or epithelialization of the anterior chamber have been seen in a series 
of 250 consecutive cases, and delayed re-formation of the anterior chamber has 


become a rarity (four cases in this series). The technique of this type of suture 


Fic. 1.—Insertion of corneal portion of suture before incision. . Ideal conjunctival 

flap® outlined. 
preserves the advantages of the mattress type and eliminates some of the dis- 
advantages of the Stallard suture: 


(1) Two double-armed 6-0 gut sutures swaged onto a good curved cutting-edge needle 
are used. Before the incision is made, one end is passed through the cornea parallel to 
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the limbus just inside the conjunctival attachment for a distance of 1-5 to 2 mm. ata 


depth of about one third of the corneal thickness (Fig. 1). One end is left much longer 


than the other. The ends are laid down and the incision made with a 2-mm. con- 
junctival flap, using a Graefe knife, and enlarging with scissors. 
(2) The sutures are then passed through the base of the conjunctival flap. (Fig. 2). 


athe 


Fic. 2.—After incision sutures are passed through base of flap. 


(3) The needle picks up a small amount of sclera and episcleral tissue and comes out 
through the conjunctival margin above (Fig. 3). The needle on the short end is cut off. 


ee Ses x ‘ 


Fic. 3.—Sutures pick up episcleral tissue and emerge in conjunctival margin above. 
One turn of @ surgical knot is placed. 


(4) The first double turn of a surgical knot is placed so that the first part of the knot can 
be tied quickly at any time. 
(5) Immediately on removal of the lens, the sutures are pulled to close the wound snugly 
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but not too tightly, to avoid wrinkling the cornea and over-riding the lips of the wound. 
The second turn of a surgical knot is then tied. (Fig. 4). 


Fic. 4.—Portion of two mattress sutures closing tisbel * wound ion up p and first 
two turns of knot tied. Needle on one end of fa gi is aga through margin of 
conjunctival flap to draw it up over corneo-scleral woun 


(6) The remaining needle is passed through the margin of the conjunctival flap attached 
to the cornea, and two more knots are tied over the first ones, bringing this flap up away 
from the wound and providing a covering flap for the corneo-scleral closure (Figs 4 and 5). 
The suture is finally cut 2 mm from the knot, leaving, on the average, a fairly long single- 
arm suture that can be put away and re-sterilized later by soaking in Zephiran for use in 
closure of conjunctival wounds in muscle operations, trephines, conjunctivoplasties, or 
even skin closures in youngsters. 

(7) Three small edge-to-edge conjunctival sutures are used, one to approximate the 
conjunctival edges centrally, and one at each side of the mattress sutures (Fig. 5). s 


Fic. 5.— Final closure, 
showing three extra con- 
junctival sutures closing 
over underlying limbal 
wound, with edges of 
conjunctival flap held 
well above corneo-scleral 
wound. 
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In the type of emia described above, the portion that closes the corneo- 
scleral edges passes underneath the conjunctival flap, the margin of which is 
later sewn over the wound 2 to 3 mm. above the level of the closure of the 
deeper part of the wound. This not only keeps this margin away from a 
position where it might grow down into the limbal wound, but also gives a 
conjunctival covering as an additional seal over the deep wound, and thus 
lessens the likelihood of a leaky wound. The results of using this type of 
suture have justified the slight additional trouble of putting them in. 

Dunnington (1951) has shown that downgrowths of the conjunctival 
epithelium into cataract wounds are not at all infrequent. 


It is therefore advantageous to use some type of suture that will serve to keep 
the conjunctival margins away from the line of the deeper corneo-scleral wound 
so that it cannot grow down into the wound. A conjunctival flap about 2-3 mm. 
wide along the entire wound is necessary to assure its proper position away from 
the deeper wound closure. This type of suture has the following advantages: 


(1) The corneal portion is placed before the incision is made. 

(2) The remaining portions of the sutures closing the corneo-scleral wound are placed 
before the lens is removed. 

(3) The two mattress-type sutures provide the closure effect over a longer portion of the 
wound than two single sutures. 

(4) Immediate closure of the wound is simply enabled by pulling up the knot;.a second 
knot may then be tied at leisure. 

_ (5) The wound is unprotected only during the relatively safe interval before removal of 
the lens. The sutures are pulled to close the corneo-scleral wound as the lens is being - 
delivered, thus closing the deep wound immediately behind the emerging lens. 

(6) There is no likelihood of the suture being in contact with the aqueous, as often 
happens with direct sutures (track, McLean, or others) in the lips of the wound. These 
latter may accurately close the outer part of the wound which is included in the suture 
but cannot bring the inner lips of the wound together. 

(7) Moderate pressure from within tends to approximate the entire wound edges by 
pressing the wound edges together against the suture, acting like a hoop around a barrel. 
Of course, severe pressure from within will tend to break open any wound, no matter 
how it is sewn up. 

(8) The conjunctival flap being brought over the deep wound serves to give additional 
security from without. Often the anterior chamber will be partially or completely reformed 
before the dressing is applied, and air is usually well retained when placed in the anterior 
chamber. 

(9) The conjunctival flap edges are kept away from the deep wound, almost eliminating 
the possibility of conjunctival epithelium growing down along the wound. 

(10) Suture knots and loose ends are kept away from the cornea, being placed 2-3 mm. 
above the limbus, where they are cushioned by the conjunctiva and episcleral tissue. 

(11) There is separate alignment of the corneo-scleral wound and of the conjunctival 
edges, giving a double wound closure. 

(12) The incidence of anterior chamber cysts, epithelialization of the anterior chamber, 
leaky wounds, and delayed re-formation of the anterior chamber is materially lessened 

(13) Since the sutures are absorbable, there are never any complications incident to the 
removal of sutures,” such as haemorrhage into the anterior chamber, loss of anterior 


*The technique described may of course be used with silk if desired, but in that case this point does not apply. 
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chamber, accidental opening of the wound, pain, or the anticipation of pain by the patient. 

(14) The tissue reaction in the eye is the same as with a suture of any other material 
(silk, nylon, cotton, etc.). i 

Roberts (1952) describes a suture somewhat similar in that there is separate 
closure of the scleral wound with a conjunctival flap brought over the corneo- 
scleral closure. In this technique three 6-0 chromic sutures are tied so that 
their knots are placed under the conjunctival flap. In this location they 
might erode through the conjunctival flap and persist too long, whereas 
in the technique described above the knots are cast off externally. 


In this discussion I have purposely not mentioned the use of fibrin as I do 
not feel that this material is satisfactory for sutures. Most normal cases can 
be done without sutures, but support to the wound is really necessary when 
some complication such as increased pressure from within, structures from 
within tending to extrude into the wound, e.g., iris bulging hyaloid, or loose 
vitreous in the wound. The union afforded by fibrin is not firm enough to 
withstand any real pressure from within and if vitreous is in the wound the 
fibrin union is totally ineffective. One is then faced with placing sutures 
in the lips of a wound bathed in vitreous rather than having sutures already 
in place ready to pull up to close the wound immediately behind the emerging 
lens. 


Conclusion 


It is felt that the absorbable type of suture, swaged on a good needle, and 
used in the manner described above, gives a satisfactory closure for cataract 


wounds, fulfilling most of the criteria for an ideal suture and permitting the 
use of the technique outlined above. It is hoped that’further research will 
lead to the development of the perfect suture material. 
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ACRYLIC GONIO-SUBCONJUNCTIVAL PLATES IN 
GLAUCOMA SURGERY* 


BY 


S. A. QADEER 
Department of Ophthalmology, Combined Military Hospital, Lahore, Pakistan. 


Or the numerous surgical procedures designed to the dictates of the pleo- 
morphic demands of glaucoma no one method-can be regarded as invariably 
satisfactory. The very fact that so many operations have been designed for 
the relief of ocular hypertension suggests that a surgical procedure has yet 
to be evolved which would adequately restore and maintain-normal pressure 
and save the eye from disaster. The surgeon is consequently forced to select 
one operation in a given case of simple glaucoma from a long list of possible 
methods. Sometimes he opens the filtration angle in the hope of establishing 
an adequate drainage channel, or where this is already obliterated or has been 
damaged by the pathological process he looks for the seepage of aqueous 
fluid into the subconjunctival tissue or the suprachoroidal space, through 
sclerectomies with or without cyclodialysis. 

Various operations are fashionable in different countries: in the U.S.A., 
U.K., Pakistan, and India the corneo-scleral trephine is used; on the continent 
of Europe cyclodialysis and Langrange’s sclerectomy are used, and in 
Norway and Sweden iris inclusion operations are preferred. 

The concept of the gonio-subconjunctival acrylic plate which forms the 
subject of this paper is based partly on the successful insertion of acrylic 
lenses in the surgery of cataract (Ridley, 1952) and partly on Seton operations 
practised by Mayou (1912, 1913), Zorab (1912, 1913), Gradle (1924), Clay 
(1928), and Wolfe and Blaess (1936) for the establishment of drainage 
channels from the anterior chamber to the supra-choroidal space by means of 
threads (Weekers, 1922), gold drains (Stefansson, 1925), and horse-hair 
(Row, 1939). 


Material.—A plastic substance was used instead of glass because its specific gravity is 
half that of glass, its edges can be rounded off, the drainage channels can be very easily 
engraved. It can be shaped into very fine plates and retained in the eye without deform- 
ation and without jeopardizing the safety of the eye by accidental injury. It is also 
perfectly transparent, and is inert in tissue fluids (Ridley, 1952). It has been known to 
be very well tolerated after traumatic injuries and to be retained within the eye indefinitely 
without adversely affecting it. Finally, the surgeon can make the plate for himself with 
a sharp knife from a 1-mm. thick plastic sheet. 

Many other materials have been used in Seton operations, but they carry the disad- 
vantage of sooner or later exciting foreign-body reaction and making the eye vulnerable 
tothe menace of sympathetic ophthalmia. The weight of a gold drain contraindicates its 
use in the ciliary body of the eye and: the sphere of usefulness of Seton operations is con- 
fined to cases of absolute glaucoma or to cases of simple glaucoma not amenable to other 
surgical procedures in establishing adequate drainage channels. 

Ridley’s work has shown the value of plastic material. Polymethyl methacrylate 
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(Transpex 1: I.C.I.) was used to make the plates. These were sterilized in 1 per cent. 
Cetrimide solution (or Lysol) for one hour and were rinsed in normal saline before in- 
sertion. 

The Plate.—This is composed of a lamina 1 mm. thick (Fig. 1a). It is divided for des- 
criptive purposes into head, neck, and body (Fig. 15). The body (B) is rectangular in 
shape, 6 x 4 mm. in size, with the head (A) attached to one short side, the other side being 
the base (F). The corners of the base are rounded off to avoid damage by its sharp edges 
to the adjoining tissues. The side on which the head is attached, the shoulders (E) forms 
a shallow curve with its concavity away from the body. 

The head which is 2 mm. long with its free edges rounded off is attached to the body by 
the neck (D) 1-5 mm. broad. The neck slopes off into the head describing a shallow curve, 
forming shallow channels (C) on both surfaces of the plate so that the head which is 1 mm. 
thick near the neck is thinned out to 0-5 mm. near its apex. The head is perforated by a 
small central hole (G), from which three small drains run on to the body on each side of 
the plate. The central channel runs right to the centre of the base and the two lateral ones 
to the two edges. The plate is shown in section in Fig. 1 (c). 


(A) 
7—~<(E) 


fi 











(c) —(B) 
(c) Lateral view. The plate is 


(a) Actual size. This can be 

made by the surgeon with the \ slightly curved to conform with 
aid of a binocular loupe. A (F ) the contour of the sclera. This 
better effect can be produced curve can be easily obtained by 
by taking two plates of 0-5 (b) ¢ immersing the plate in boiling 
mm. instead of one plate of water for 30 sec. and shaping it 
1 mm. thickness, and super- (b) Plate setenee 5 times. on the dummy cornea supplied 
imposing them before inser- (A) head, (B) body, (C) drainage channels, in a tonometer case. The plate 
tion. This turns the grooves (D) neck, (E) shoulders, (F) base, (G) perfora- when inserted has its concavity 
on the plates into tunnels. tion in head, (H) perforations near base. facing the eyeball. 


Fic. 1.—Construction of acrylic plate. 











Procedure.—After the usual type of local analgesia has been given and the speculum 
inserted, a superior rectus stitch is taken with No. 1 white silk and clamped to the towel 
covering the head so that eye is turned down. A subconjunctival injection of 5 minims 
Novutox and adrenaline is injected under the bulbar conjunctiva from 9 to 1 o’clock in 
right eye. The conjunctiva is picked up 8 mm. behind the limbus in the 10 o’clock meridian 
and snipped with a spring scissors. The wound is enlarged on each side to extend it from 
9 to 1 o’clock concentric with the limbus (Fig. 2). The conjunctiva is now undermined 
with a few snips of the scissors downward to the limbus. An area of about 6 mm. round 
the limbus is cleared off with a muslin swab held in a mosquito forceps. With a Took’s 
knife the espiscleral tissue is cleared away from the sclera. The conjunctival flap is now 
retracted forward and a little downward by the assistant. The surgeon fixes the eye with 
a forceps in his left hand at 4.30 o’clock, and with a narrow cataract knife in his right hand 
makes a puncture into the corneo-scleral junction at 10:30 o’clock, so that its apex just 
appears in the anterior chamber. An opening wide enough to accommodate the head of 
the plate (i.e. about 2 mm.) is made, and the knife quickly withdrawn. The posterior lip 
of the wound is now depressed with an iris repositor; a manoeuvre by which the iris pro- 
lapses into the wound. With a fine iris forceps the iris is picked up and a button-hole 








ACRYLIC PLATES IN GLAUCOMA SURGERY 






Fic. 5.—Closure of wound with key-pattern © 
suture. 






(D) 


Fic. 2.—Enlargement of wound from 9 (B) 
to 1 o’clock concentric with limbus. 
(c) 


(A) 








plate is 
m with 




































boiling 
iping it 
upplied 
1e plate 
ncavity . 

Fic. 3.—Button-hole iridectomy with fine 

iris forceps. 
— Fic. 6.—Saggital section 
towel of the eye with plate in situ. 
nims (a) cornea, (6) conjunctiva 
ok in (c) plate, (d) sclera. 
idian 
from iridectomy performed in the usual 
ined Jk way (Fig. 3). Theiris is stroked back 
yund \y in its place with an iris repositor, and 
ok’s Z the head of the plate is inserted into 
now ? \ = the anterior chamber, so that its 
with CANS shoulders abut against the intact 
and A | _ limbus (Figs 4.and 6). This man- 
just = X\ oeuvre is facilitated if the anterior 
d of chamber is previously irrigated with 
r lip . normal saline to allow the reforma- 
wt Fic. 4.—Head of plate inserted into tion of the anterior chamber. The 
hole anterior chamber with shoulders abutting conjunctival flap is stroked back 






against the intact limbus. into place (Fig. 5) and the wound 
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closed by a continuous key-pattern suture. The speculum is removed, gutt. atropine 
and a drop of ol. parolein are instilled, and the dressing is applied. 

Care should also be taken to instill gutt. eserine into the unoperated eye. Post- 
operative care is the same as for a simple iridectomy. 

Complications.—There are two dangers peculiar to this operation: 


(1) Slipping of the plate into the anterior chamber.—This can occur only. if the corneo-scleral 
wound is inadvertently enlarged beyond the size of the plate. Asa precaution two holes are made 
in the body of the plate which is threaded and later secured to the overlying conjunctival flap. 

(2) Slipping of the head out of the anterior chamber.—-This can be avoided by the same manoeuvre 
of securing the plate with extra holes to the conjunctival Pep Even if it does slip out, no great 
harm is done, since the wound will stay open because of the presence of the plate and a good 
filtering channel may still be formed. Failing this the whole procedure may have to be repeated. 


The reduction in tension may not be adequate with one plate. Should this occur a second 
plate may later be introduced at 1.30 o’clock. This is why the first operation is planned at 
10.30 instead of 12 o’clock. It will be noted that both the plates lie under the upper lid and can 


only be seen with difficulty. 

Indications.—All cases of chronic glaucoma are amenable to this surgical pro- 
cedure. No objection to its use in cases of acute glaucoma has so far been met with. 
The only case that we had in our series gave a very satisfactory result. 


Results 


Of the eleven cases, three had glaucoma (acute in one case) in both eyes and 
both were operated upon; four had absolute glaucoma in the second eye, and 
since the latter was not painful, it was not interfered with; in the remaining 
four cases the second eye was normal. 

The fourteen eyes so far treated have shown a very good response. Two 
have been followed-up for 6 months after operation. In two other cases a 
second plate had to be incorporated before the tension was restored to 
normal. Six patients were lost sight of after only three monthly visits but 
the rest have maintained normal ocular tension to date. 

We are anxious to try the operation on a wider scale, so that it may be 


compared with the other methods already in use. 
Summary 


A new operation is described for the treatment of chronic glaucoma. 
A plastic plate is incorporated in the subconjunctival tissue, which has 
drainage channels engraved on it prior to its introduction. Part of the plate 
(the head) lies in the artterior chamber, and a hole directs the aqueous into 


the drainage channels on the body of the plate. 
Good results were achieved in all the fourteen eyes operated upon, one 


being a case of acute glaucoma. 
My thanks are due to Capt. M. A. Qureshi, P.A.M.C., for sketching the diagrams. 
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FREE AMINO ACIDS IN THE HUMAN. 
AQUEOUS HUMOUR* 


BY 


C, WUNDERLY and B. CAGIANUT 


From the Ophthalmological Clinic (Director: Prof. Marc Amsier) and the Medical Clinic (Director: 
Prof. W. Léffler), University of Ziirich 


THE method of two-dimensional paper chromatography has enlarged and 
enriched our knowledge of the existence and concentration of free amino acids 
in the human aqueous humour. The comparison of numerous analytical 
data provides information regarding permeability and the competitive 
inhibition in the protein metabolism of the surrounding ocular media, under 
normal and pathological conditions. 

The small volume of aqueous humour in each eye makes the qualitative 
characterization of free amino acids a much more difficult problem than in 
other body fluids. The determination of alpha-aminonitrogen becomes 
impossible because the entire aqueous humour available in the single case 
has to.be collected by drops. ‘Likewise, inorganic ions cannot be removed 
by the well-known procedure of electrolysis and of ion exchange resins. 
Furthermore, it is necessary first to eliminate the proteins of inflammatory 
aqueous humour with ethanol. Other ninhydrin positive substances are not 
easily separable, and the hydrolysis of peptides, if present, creates another 
technical problem. 


Analytical Methods 
Considering all these handicaps, we adopted the following technique: 

The aqueous humour, deproteinized with ethanol, is spread out entirely on a sheet of 
Whatman paper No. | (40x 40 cm.); the surface covered, a circle 1 cm. in diameter, is 
situated 10 cm. from the right and 6 cm. from the lower margin of the sheet.. After the 
starting circle has been air-dried, it is moistened with 5 ul. of a fresh solution of 35 per cent. 
H202 containing 0-1 per cent. of ammonium molybdate applied from a micropipette. 
The first run moves upward, using the liquid mixture of n-propanol and water in the pro- 
portion of 7:3 (volume fractions; see Pernis and Wunderly, 1953). After about 28-hrs, 
the solvent front has attained the line which passes at 33 cm. from the lower edge of the 
sheet. The paper is taken from the trough and air-dried within 20 minutes. The second 
Tun moves downward and is developed with phenol saturated with water. In every corner 
of the trough we place one drop of 25 per cent. ammonia; on its bottom there is a dish 
filled with water saturated with phenol. After 15 hrs (at 17° C.), the paper is carefully 
temoved and hung in a wooden trough, where it is dried for 3 hrs in an electrically pre- 
heated draught. The temperature within the wooden trough must not rise above 45° C. 
For the ninhydrin reaction we used the method of Moore and Stein (1948); the buffer 
solution contains 13-3 g. citric acid, 100 ml. n NaOH, 400 mg. SnClz + S H20 and water 
up to 250 ml. Under cover of paraffin oil, this solution remains stable for 2 weeks.. The 
Solution of ninhydrin contains 4 g. of the substancet dissolved in 100 ml. methylcello- 
solve. Shortly before use, equal volumes of both liquids are mixed and placed in ice- 
water; subsequently, 1:5 ml. of this mixture is evenly sprayed on the chromatogram by 
compressed air, and the sheet is hung for 15 mins. in a eso at 60° C exactly, in order 
to develop the colours, 
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To obtain the positive identification of the coloured spots according to their Ry 
values.—We prepared several control chromatograms, using a mixture of glycine, 
alanine, glutamic acid, histidine, and valine*. On the chromatograms of aqueous 
humour, only the histidine spot showed a certain fluctuation of the Rr value; 
considering its direction, we deduced the possible contamination of lysine and 
glutamine, but, as explained before, we were not able to effect a closer character- 
ization. It is possible to discuss the quantities of the amino acids established, 
since Pratt and Auclair (1948) communicated the minima which may be observed 
by this method. These are: glycine 0-1 pg.; alanine 0-2 yg.; valine 0-2 ug.; 
leucine 0: 5yug.; threonine 2 ug.; glutamic acid 0-1 ug.; tyrosine 3 ug.; phenylalanine 
> »g-; methionine 1 pg. On an average, the coloured spots were so small that they 
cannot be very different from the levels mentioned, with the sole exception of alanine, 
the value of which was considerably higher. We shall also add some threshold 
values of perception for the amino acids not ascertained, since they may indicate 
that the substances in question, if present, do not reach the critical concentration: 
arginine 4 ug.; asparagine | ug.; tryptophane 3 ug.; proline 1 ug.; taurine | ug. 
Estimating the volume of the aqueous humour available for analysis at 0-2 ml.; 
it contains at least 0-5 ug. glycine per/ml. when the chromatography shows a 
glycine coloured spot; i.e., the glycine concentration of the aqueous humour is 
about 40-90 times less than that of normal serum; the same proportion is found 
in the other free amino acids (Table I). It is of interest to add that the proportion 
of proteins between the normal blood-serum and the normal spinal fluid is also 
about 1:80. | 

TABLE I 
DISTRIBUTION OF FREE AMINO ACIDS IN 27 PATIENTS 





Normal Serum 
Free Amino Acids (vg./ml.) Number of Patients Percentage of 27 
1 yg. x 0-001 mg. | Chromatograms 
Glycine 11 
Alanine 20-47 88 


Valine* 41 














Leucine* 26 
Serine 41 
Threonine* 15-26 ‘t 
Glutamine I] 
Histidine* 49-21 
Lysine* 23-31 























Tyrosine 10-17 








Phenylalanine* 8-20 
Methionine* 1, 8-5, 4 











*essential 





* F. Hoffman-La Roche, Basel. 
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Clinical Results 
We examined 33 patients with different ophthalmic diseases. In 27 cases 
(82 per cent.) it was possible to ascertain by chromatography the existence of free 
amino acids, which were distributed as follows: 
(1) The first group (Table Il) comprised four cases of disease of the posterior 
ocular segment, in which the aqueous humour, seen with the slit lamp and in the 
routine investigations after paracentesis, showed no alteration and may be con- 


sidered normal. 

The average content of free amino acids in these speciments is clearly reduced with 
respect to the serum, and is mostly below the threshold. On the chromatogram, 
all the aromatic amino acids tend to be absent, and among the aliphatic, the group 
of the diamino acids is mostly missing as well as glutaminic and aspartic acid, both 
of which are important for intermediate protein metabolism. Alanine, if present, 
shows the largest quantities in nearly every case. 

TABLE Il 
FOUR NORMAL CASES 





! 
| Chromatographic Analysis 
{ 


| | | 
Case | Age | Clinical Diagnosis 
No. | 








Histidine 
and Lysine 
1 | | | Methionine 


Maculopathy 

Retrobulbar- 
neuritis 

Maculopathy 

Partial obstruction 
of central retinal 
artery 


pene 7 | Aspartic 
So ey | | Glutamine 


+11 +] Alanine 
1 | | | Valine 
+1% + | Leucine 






































| 
(2) The picture was similar in ten cases of senile cataract (Table III, overleaf). 
Some free amino acids were occasionally found, among which alanine was most 
abundant. Nevertheless, most of the amino acids did not reach the threshold or 
were entirely missing. As a matter of possible interest with regard to the patho- 
genesis of senile cataract, the frequent presence of sulphur-containing amino acids, 
such a methionine may be noted; these are rarely found in other types of disease. 
In this connection, the type of opacification and the evolution of the cataract do 
not seem to play a significant role. 

(3) In three cases of heterochromic cyclitis (Table IV, overleaf), two with cataract, 
we nearly always found amino acids of the basic group. These cases can therefore 
be incorporated within the front of inflammatory diseases of the anterior ocular 
segment, which in their chromatogram, in addition to the free amino acids normally 
present, generally show the coloured spots characteristic of diamino acids. It has 
not been possible, however, to establish a connection with the cytogram, which in 
all the cases of heterochromic cyclitis disclosed a few degenerate cells. 

(4) Most of our cases presented acute or chronic inflammations of the anterior 
ocular segment, the majoirty being iridocyclitis of various.origins. In every case we 
also established the cytogram, combining both methods of inquiry in order to 
obtain information about grading aetiology, prognosis, and treatment (Table V, 
overleaf), 
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TABLE Ill’ 
NINE CASES OF SENILE CATARACT 





Chromatographic Analysis 





Clinical Diagnosis 


Glutamine 
Histidine 
and Lysine 





| 
A: 


| 
| | | | | | | | Tyrosine 


Mature senile 
cataract 

Cortical senile 
cataract 

Nuclear and 
cortical cataract 

Traumatic intum- 
escent cataract 

Cortical senile 
cataract 

Nuclear cataract 

High myopia 

Mature senile 
cataract 

Diabetes 

Nuclear and corti- 
cal senile cataract 

Nuclear and corti- 


cal senile cataract | 
! 


1 + + + | ‘Methionine 









































; TABLE IV 
THREE CASES OF HETEROCHROMIC CYCLITIS 





Chromatographic Analysis 


Clinical Diagnosis 


Histidine 
and Lysine 
Methionine 








+ | Alanine 
+ | Tyrosine 


| 
| 


Heterochromic 
cyclitis 
Hypermature 
complicated 
cataract 
Heterochromic - + 
cyclitis 
Mature | 
complicated ot | 
cataract 
Heterochromic +o + oe mi 
| 





cyclitis 












































The most prominent characteristic of inflammatory aqueous humour is the 
increase of the amino acid concentration. Alanine is found in the largest quantities, 
whereas glutamic acid and histidine are new amino acids the presence of which 
can be proved in several cases. It is mainly in acute affections that the chromato- 
gram shows an increase of basic amino acids. On the other hand, it has not been 
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TABLE V 
FOURTEEN CASES OF ANTERIOR UVEITIS 





Chromatographic Analysis 


Clinical Diagnosis | Total Cytogram 
cells 





Chronic iridocyclitis | 20 | Pandy ++ 


Complica: 
cataract 





Hypopyon uveitis 
iabetes 


100% degenerative 


Pandy ++++ 
27% polynuclear 
11 % eosinophilic 

8% lymphocytes 
22% monocytes 
21% tissue 

5% pigment 

5% degenerative 





Chronic iridocyclitis 

Complicated 
cataract 
(Bechterew) 


Pandy +++ 
3% polynuclear 
2% eosinophilic 
4% lymphocytes 

12% monocytes 

23% tissue 

16% pigment 

40 % degenerative 








Chronic iridocyclitis 
Complicated 
cataract 





Tubercular irido- 
cyclitis 

Complicated 
cataract 


Pandy + 
6% lymphocytes 
3% tissue 
2% pigment 


89% degenerative 


Pandy +++ 
42% lymphocytes 
10% monocytes 
4% pe viel 
é %o P 
42% Seoul 





Hypertensive irido- 
cyclitis 
Diabetes 


Pandy +++ 
3% polynuclear 
21% lymphocytes 
20% monocytes 
23% tissue 
4% pigment 











28% degenerative 


31 | Chronic iridocyelitis | 42. | Pandy ++ 
| 100 % degenerative 





Methionine 


62. Hypertensive her- | 273 
petic iridocyclitis 








Pandy ++++ 


14% lymphocytes 
6% monocytes 
17% tissue 
43% pigment — 
98% degenerative 





Hypertensive © 
anterior uveitis 


Pandy +++ 

10% polynuclear 

21 % eosinophilic 
4% tissue 

61 % degenerative 


Pandy ++++ 
: % a aaa 


18 ¢ monocytes 
30% degenerative 











Metaherpetic _ 
anterior uveitis 











Sub-acute tubercular 15 | Pandy 


iridocyclitis 100 o Giahaenettes 








Iritis after contusion 41 | Pandy 
: : % ecbemtaee 
2% pigment 


\ 94% Sotaniie 
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TABLE V—continued : 





Chromatographic Analysis 


Clinical Diagnosis | Total Cytogram 


Histidine 
alanine 


+| +| and Lysine 


Phenyl- 





Pan-uveitis 





Tubercular pan- 
uveitis 












































possible to deduce any relation with the aetiology of.the disease from the individual 
chromatograms. In a more chronic process, the chromatogram, even with the in- 
crease of its protein contents, tends to adapt itself to the normal configuration; 
i.e., there is no strict parallelism between the protein level and the concentration 
of free amino acids. 

In two cases (6 and 8, Table V) we did repeated punctures without observing any 
significant modification of the chromatogram. This finding seems to indicate that 
there is a dynamic equilibrium only displaced in special circumstances; which can 
be used to discover the presence of metabolic disorders in diseases of the anterior 
ocular segment (Fig. la and 5). 


Fic. 1.—Case 6, Table V, hypertensive Fic. 2.—Case 8, Table V, hypertensive 
iridocyclitis. herpetic irldocyclitis. 





| 
| 


Methionine | 


Phenyl- 


alanine 


ers 
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Discussion 

A comparison of the free amino acids in the aqueous humour with that 
in other body fluids presents interesting possibilities. The amino acid content 
in the normal and pathological aqueous humour is less than in the blood 
serum, some being missing or only present in bélow-threshold values. This 
may be explained by the metabolism of the surrounding ocular tissues, among 
which the ciliary body and the lens seem to be the most important. Un- 
fortunately, as we had no case of uncomplicated aphakia to compare with a 
phakic eye, we were unable to assess the protein metabolism of the lens. 

The spinal fluid also contains free amino acids in much smaller proportions 
than the blood serum. The single exception to this is glutamine, which is 
present in equal proportions in both fluids; this substance, together with 
glutamic acid plays a preponderant role in the metabolism of the brain cells. 
The chromatographic investigation of the spinal fluid conducted by Boulanger 
and Biserte (1949) shows that this also contains the following free amino 
acids: glycine, alanine, valine, serine, leucine, glutamic acid, aspartic acid, 
and only traces of dibasic amino-acids. There is thus at least a good qualit- 
ativé agreement with the free amino acids we observed in the aqueous humour. 
As it has been proved that many amino acids cannot traverse the blood-brain 
barrier, it is possible that this is also the case with the aqueous humour. 

The difference between blood plasma and urine in their content of free 
amino acids is still greater. In the blood plasma we find essential amino 
acids with higher molecular weight, but normal urine mainly contains those 
of lower molecular weight. Saliva, according to Berry (1951), contains 
glycine, alanine, serine, lysine, glutamic acid, and aspartic acid. 


‘ Conclusions 

The amino acid content of the normal aqueous humour is considerably 
lower.than that of the blood plasma. Most of the amino acids of the aqueous 
humour, if present at all, have sub-threshold values. The aliphatic amino 
acids of low molecular weight predominate, free alanine being the most 
abundant. In cases of fully-developed cataract, free methionine is frequently 
present in considerable quantities. The concentrations of free amino acids 
may be increased by inflammations of the anterior ocular segment, the basic 
group being prevalent mainly in acute cases. Comparison with blood plasma 
and other body fluids seems to indicate that the level of amino acids in the 
aqueous humour is influenced by the metabolism of the surrounding ocular 
tissues. 


. 
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ACUTE HYPOTONIA* 


BY 


VALDEMAR HERTZ 
Copenhagen, Denmark 


AcuTE hypotonia in the closed eyeball has always been said to be a complic- 
ation in detachment of the retina, but in my work on detachment of the chor- 
oid I have found three cases (one of them bilateral) in 1925, 1933, and 1937, 
in which the hypotonia appeared at the same time as the choroidal 
detachment. In one case only the choroid became detached; in the others 
detachment of the retina followed later. 


Previous Reports in the Literature § 
Verhoeff and Waite (1925) describe a patient who, from the age of 49 to his death from 
pneumonia at the age of 66, suffered from.a chronic diarrhoea with eight to ten evacuations 
daily. At the age of 54 he consulted an ophthalmologist with a painful right eye. 


Examination showed photophobia, lacrimation, ciliary congestion, and a very deep anterior 

chamber; the iris was green, there were extensive posterior synechiae, the tension was +3 (later + 
2); a detachment of the retina could be made out nasally and below. Trans-illumination seemed 
defective. Visual acuity was perception of light. The left eye was normal (myopia 0-75, visual 
acuity 20/20; 8 years later, 4 years before the patient’s death, a detachment of the retina was diag- 
nosed in the left eye, but no further information could be cbtained about this eye. 
_ The right eye was enucleated after the first consultation. The globe was of normal size, the 
choroid and ciliary body were widely separated from the sclera; and there was no detachment of 
the retina, and no tumour. The anterior chamber was abnormally deep (4 mm.) and the iris and 
lens seemed to be pushed sharply backward; there was a stepformed iris and an abnormally wide 
filtration angle, with complete posterior synechiae. The vitreous appeared normal without co- 
agulum, which was present in the perichoroidal space, the anterior chamber, the spaces of Fontana 
and Schlemm’s canal. ‘The blood vessels were congested in the episcleral tissue of the limbus 
and all over the uveal tract. Small haemorrhages were seen in iris, in the ciliary processes, and just 
behind the ora serrata; the uveal'tract was oedematous, and round cells were found in the ciliary 
body and choroid, the natural vitreous excepted 

Procksch (1933) described a patient seen at Sachs’s Clinic in Vienna. He was 58 years 
old, and had suffered from a violent acute iridocyclitis for one month, 

Visual acuity was counting fingers. The ocular tension was normal. Atropine was of no effect, 
and glaukosan (a mixture of 2 per cent. adrenaline, and 2 per cent. adrenonsolution) was instilled. 
The pupil was dilated to the maximum, and with the exception of a few posterior synechiae the 
vitreous was transparent. The fundus and ocular tension were normal, but 4 days after the in- 
stillation the picture was quite different. There was intense ciliary congestion, the cornea was 
quite folded, the anterior chamber was very” deep, there was a stepformed iris, and a tremulous 
iris and lens. The eye was so soft as to give rise to the idea of enophthalmos. A large detachment 
of the choroid with four elevations was found, and there were many posterior synechiae. A week 
after the first examination there were symptoms of detachment of the retina, and this detachment 
became distinct after another week. 

After 4 weeks’ observation the temporal and nasal detachment of the retina merged with the 
still prominent detachments of the choroid, and opacities in the vitreous supervened. Visual 


*Received for publication August 20, 1953. 
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acuity was now 1/24, It was impossible to measure the ocular tension, though it had increased a 
little. The patient did return to the clinic after discharge. 


Klien (1937) recorded the case of a man aged 65 whose eye had been red and painful 
for 12 days. 

There.was mixed injection of the bulb, and the posterior surface of the cornea was covered with 
fine grey deposits of crystalline appearance. The anterior chamber was very deep and the aqueous 
humour homogenously cloudy. A few pigment deposits were applied to the anterior lens surface, 
and there was: marked iridodonesis. The vitreous was cloudy. In the superior periphery a dark 
greyish-brown detachment of the choroid projected downward. Transillumination of the bulb gave 
a slight shadow in the region of the dark elevation. The ocular tension was 10 mm. Hg (Schidtz). 
The visual acuity was counting fingers at 2 ft. The visual field with a 10 mm. test object showed no 
contraction at that time. 

During the following 2 months attacks of acute hypotony alternated with rises in the intra-ocular 
pressure to 28 mm. Hg. “During the hypotonic periods the anterior chamber was very deep, and 
there was marked iridodonesis. Both symptoms disappeared between the attacks. 

The dark-brown detachment of the choroid was observed unaltered for 6 weeks, after which 
an extensive retinal detachment developed. Continuous pain and the thought of a possible tumour 
necessitated enucleation, which was done in the hypotonic stage. The.left eye was normal. 

The globe measured 26 x 24mm. A detachment of the ciliary body and choroid extended back- 
wards into the equatorial region, and a vicarious retinal detachment with a tear was found in the 
posterior segment. The anterior chamber was extremely deep, there was stepformed iris, and the 
chamber angle was widely open. There was marked hyperaemia of the iris, within which many 
new-formed vessels and disseminated small haemorrhages were seen. The choroidal vessels were 
widely dilated. The sub-choroidal space and the anterior chamber were filled with a granular 
exudate between a network of very fine threads. Greeff’s vesicles were seen. Small foci of round 
. cell infiltration were scattered throughout the uveal tract and accompanied the long posterior 

ciliary nerves (a possible explanatidn of the pain in the eye). In spite of the frequent attacks of 
hypotony there was no posterior vitreous detachment. ° Seeontion showed a shadow due to 
the pigmentation of the choroidal detachment. 


Leber (1916) recorded twelve cases (one bilateral) of a acute hypotony under the heading 
of detachment of the retina. 


Porsaa (1942) gave a Table with eighteen cases: eight of Leber’s, seven from the liter- 
ature including two earlier cases not mentioned by Leber, and three cases of his own. 


Altogether 35 previous cases are made up as follows: Schnabel (1876) two; 
Samelsohn (1882) one; Nordenson (1887) two; Deutschmann (1893) one; Hirschberg 
(1898) one, (1907) one; Ginsberg and Simon (1898) one; von Hippel (1908) one, 
Lauber (1908) four; Vogt (1924) one; Kiimmell (1925) one; Halbertsma (1926) one; 
Beigelman (1929) two; Porsaa (1942) three; Samelsohn (1882) one brief mention; 
Gonin (1904) two, (1934a, b) five [one with no myopia]; Bret (1907) one; Baurmann 
(1929) one; Lindner (1931) one; Arruga (1933) one; Garcia Miranda (1945) one. 

Myopia was seen in all cases except one reported by Gonin (1934a, b). In one 
patient (Nordenson, 1887) the hypotony became bilateral after an interval of 8 
months. 

Twelve of these 35 eyes were enucleated, and one eviscerated, mostly owing to 
intolerable pain, but now-a-days the treatment comprises hot fomentations, 
salicylate, and atropine. In ten* of the thirteen eyes removed a large detachment 
of the ciliary body and choroid was found as well as the retinal detachment: in the 


Other three+ the choroid is not mentioned. 
In three of the ten cases the detachment of the choroid was seen with the ophthal- 





” *The ten cases are those of Nordenson (1887), Deutschmann (1893), one and Simon (1898), von Hippel (1908) 
Bret (1907), Kiimmell (1925), Baurmann (1929), Gonin (1934, three 
+The three cases in which the choroid is not mentioned are those of Sanghohe (1882), and Gonin (1904, two cases). 
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moscope: melanosarcoma was diagnosed in one of the three (Ginsberg and Simon) 
and reddish-yellow arched reflexes were formed in two (Nordenson, von Hippel), 
but in these the choroidal detachment was not diagnosed before enucleation. 
Among the remaining 22 of the total of 35 cases, choroidal detachment was 
observed with the ophthalmoscope in two cases (Beigelman, Garcia Miranda) at 
the same time as the beginning of the hypotony, but it disappeared in a few days. 


According to Porsaa (1942), days or months may intervene between the beginning 
of the retinal detachment and the appearance of hypotony, and the duration of the 
pain is commonly 3 weeks. Opacities in the vitreous occur in all cases. The period 
of hypotony lasts as a rule from 4 to 5 weeks. 

_ Miiller (1903), operating for retinal detachment with excessive myopia by resec- 
tion of the sclera, pointed out that detachment of the choroid was nearly always 
present, and that a yellowish-green serum was evacuated from the subchoroidal 
space. He thought the lowered tension accompanying retinal detachment to be due 
to cyclitis, which arose because of this serum which produced the green colour in 
the iris. 

The same type of acute hypotony as is found in the closed bulb also occurs 
with penetrating lesions of the sclera. 


Ladekarl (1935) stated that acute hypotony could rise after a diathermy operation 
with puncture for retinal detachment. Similar cases are mentioned by Lindner 


(1931) and Arruga (1933). To Ladekarl’s two cases from the State Hospital in 


Copenhagen, Porsaa (1942) added twelve from the same source during 1936-1942. 
One of these showed emmetropia, and then as a rule considerable myopia: in 
six cases the intra-ocular pressure rose again after re-operation, and in one case 
after the third operation. Usually it rose a few days after the operation, in four 
cases from 1 to 3 weeks after. The results of operation seem to have been poor 
in these cases. 

Cases of choroidal detachment as a complication of diathermy with puncture 
for retinal detachment are recorded by Paufique (1939), and by Binkhorst (1939), 
who communicated cases from Weve’s clinic in Utrecht. Schiff-Wertheimer and 


Frileux (1946) reported cases from Paris. Binkhorst thought that the complication — 


retarded recovery, but had little effect on prognosis. Unfortunately the tension 
is not mentioned. 

Cases with hypotony are mentioned by Lindner (1931) and Gonin (1934a, b) after 
cauterization with puncture for retinal detachment. Hypotony appeared at the 
same time as the choroidal detachment, and later disappeared. a 

In the second case reported by Ladekarl (1935), where the tension was falling 
2 days after re-operation for retinal detachment, a red reflex was observed upward 
in the dilated pupil; I wonder if this reflex was not due to a choroidal detachment. 
Ladekar) discussed the aetiology of the hypotony, but reached no conclusion. 

Leber (1916) thought that the acute hypotony accompanying retinal detachment 
was due to a considerable reduction of the vitreous, and that the pressure bandage, 
and spasm of the orbicularis, forced the vitreous through the rupture of the detach- 
ment to be resorbed by the chorio-capillaris. This theory does not hold where 
only choroidal detachment is present, and since the retinal detachment itself is due 
to the flow of vitreous through the rupture of the retina, it is difficult to understand 
that further vitreous should be resorbed. 








ett 3 ca, -* iS een Ole ee ee! 


Po Cet eet 


QoQ 3 








on) 
el), 


Nas 
} at 


ing 
the 
iod 


eC- 
ays 
dal 
lue 


ITs 


on 
1er 


Se 
ur 
or 


ire 
9), 
nd 


on 


on 


er 


he 


ng 
rd 
nt, 


nt 
re, 
h- 
re 
ue 
ad 





ACUTE HYPOTONIA 367 


Lauber (1908) thought that a cyclitis with reduced formation of intra-ocular 


fluid was the cause of the hypotony, but no such acute cyclitis occurs anatomically 
with retinal detachment. Méiiller (1903) expressed the same opinion 5 years before 
Lauber. 

Vogt (1924) and Kiimmell (1925) supposed a hypofunction of the ciliary body 
to be the cause, and Kiimmell also suggested alterations in the balance of tension 
in the vitreous. 

Porsaa (1942) described a case of penetrating injury of the bulb with typical 
acute hypotony. In this case (seen in the State Hospital at Copenhagen in 1941) 
sclera, choroid, and retina were perforated, and a temporary fistula was formed in 
the suprachoroidal space; the hole in the sclera was rather small and was very soon 
closed operatively, and, as the resorption of fluid from this space readily occurs, the 
hypotony is easily explicable. Porsaa tried to explain acute hypotony in retinal 
detachment in the closed bulb in the same way, saying that the hypotony was due 
to free passage of the vitreous to the supra-choroidal space through a hole in the 
retina and a hole in the choroid. 

Certainly the choroid was very thin in some of the cases examined, but no hole 
was ever found. 

In the case of Ginsberg and Simon (1898) there was a haemorrhagic choroidal 


detachment and a serous detachment of the retina, an impossibility by this theory. 
In ten of the thirteen cases examined anatomically, a large detachment of the ciliary 


body and choroid was present, and resorption of fluid from the suprachoroidal 
space must surely be very difficult in such cases. 

The cases without retinal detachment do not support Porsaa’s theory. One 
may ask whether the acute hypotony is not due to a developed detachment 
of the choroid, which has escaped notice owing to the opacities in the 
vitreous. 


In Garcia Miranda’s case, the choroidal detachment only lasted 6 days; 
but the retinal detachment was unchanged. 


The vasomotor nervous system probably plays a prominent part in the 
aetiology of choroidal detachment. Kiimmell’s theory that the balance of 
tension in the vitreous is changed, possibly because of transudation from the 
Vessels and oedema of the tissues, ought also to be taken into consideration. 

Unusual conditions of tension take place as the hypotony begins; of 
two cases (later enucleated and found to present detachment of both choroid 
and retina), one showed a rise in ocular tension for 3 days, and a reduction 
on the seventh day, and the other showed a normal tension on the second 
day and a reduction on the third day. Possibly this has some connection with 
the difficulty of egress of the albuminous aqueous. 


Bret (1907) expressed this opinion: 


Quand, dans un oeil aveugle, 4 la suite d’un décollement de la rétine, surviennent ces 
trois symptOmes caractéristiques: douleurs rapellant celles de Viritis intense ou du glaucome 


aigu, diminution du tonus, et réduction considérable du volume de l’oeil, ils indiquent que 
la choroide décollée ne secréte plus le liquide intérieur et qu’elle exerce des tiraillements 


sur le corps ciliaire et les nerfs ciliaires. 
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Gonin (1934a) declared: 


Dans tous les cas ot l’hypotonie avait existé et ob j’ai du faire l’examen anatomique 
de Poeil, favais noté un décollement plus ou moins prononcé du corps ciliaire et de la 
choroide; d’autres observateurs avaient fait les mémes constatations (Leber, Kiimmell, 
Baurmann, etc.). 


One thing is certain: acute hypotony in the closed bulb can arise where 
detachment of the choroid only is present; this condition is probably the 


expression of a choroidal detachment. 
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INTRA-OCULAR FOREIGN BODIES* 
REPORT OF 102 CASES 


BY 
KAZIMIERZ RUBINSTEIN 
From the Ophthalmic Department, Royal Hospital, Sheffield . . 


THERE is no universally accepted “best” method of treating an intra-ocular 
foreign body apart from its extraction from the globe. The controversial 


points may be summed up as: 
(a) anterior or posterior route of extraction, 
(b) diathermy of scleral field or simple incision, 


(c) Haab or Mellinger type of giant magnet. 
An intra-ocular foreign body is a surgical emergency and it is important 


to keep operative procedures simple and not above the heads of junior hospital. 


staff; but ultimately the methods proposed must be judged by their results, 
visual as well as economic. This type of case is not frequently encountered 
and it is difficult to draw conclusions from the material of one particular 
clinic, especially as only one approach is usually followed as a routine for 


a number of years. 


Material of Present Study 


The purpose of this paper is to make available the material from this department 
for comparative studies. In the years 1944-1953, 102 consecutive cases (99 male and 
3 female) occurred amongst 4,500 in-patients. The criterion for inclusion here 
was that the foreign body should have penetrated into the eye. Foreign bodies 
embedded in the cornea or sclera were excluded, and cases of eyes hopelessly 
lacerated were included only if a foreign body was lodged inside the globe. The 


liberal use of antibiotics is a new feature of treatment. I assisted at or operated on» 


seventy of these cases myself, the rest being operated by the consultants and 
other assistants. ; 


Previous Reports 


The second world war brought several papers on the management of intra- 
ocular foreign bodies, in which surgeons summarized their war experience (e.g., 
Kraus and Briggs, 1945; Skeoch, 1945; Lodge, 1945). The only statistical material 
is contained in two papers by Stallard (1944, 1947) and one by Somerset and Sen 
(1948). “ These cases were treated in field conditions, and few of Stallard’s 174 
cases from the Middle-East Forces and British Land Forces in Asia, or Somerset 
and Sen’s 29 cases from Burma were followed up: The report by Trevor-Roper 
(1944) from Moorfields gives a well-documented survey of late results in 154 cases 


*Received for publication July 14, 1953. 
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of successful extractions. Of:these, 150 were extracted by the anterior route and 
Haab’s magnet was used in 147 cases. The series here under survey differs in that 
the posterior approach was the routine and the Mellinger magnet was used through- 


out. 
Surgical Procedure 

The principle was accepted that all foreign bodies localized in the anterior 
chamber or lens should be extracted by the anterior route (by paracentesis 
or via. the original corneal wound), and that those in the vitreous should 
be extracted by the posterior route, unless the scleral or limbal wound of 
entry was large and needed attention. 

No attempt was made to incise the globe over the foreign body in acute 
cases. The quadrant of the globe was selected according to the localizing 
x-ray chart, so as to get as near to it as possible with an approach through 
the region of the pars plana behind the ciliary body, the ora serrata region 
being invaded only in cases of extreme posterior localization. Diathermy was 
not used. 

Statistical Particulars 

Age.—This ranged from 10-70 years with the peak between 25 and 40 years (Fig. 1). 

Sex.—Of the 102 cases, 99 were male and three female. 

Occupation.—This is set out in Table I. 


Work at Time of Accident.—This is set out in Table II. 
; TABLE I 


OCCUPATION OF PATIENTS 





Steel works ... a 
Mining auxiliaries ... 
Engineering 

Building stadia. 
Mining ‘te: 
Railways... 
Unskilled labour 
Other ae 





TABLE II 


WORK AT TIME OF 
ACCIDENT 





NUMBER OF CASES 


Hammer and chisel 

(or wedge) ¥ 
Hammer on metal 
Turning om 
Cutting steel 
Picking aA ; 
Off machine grip... 
Off mechanical press 
Hammer and wire ... 
Car accident.. 
Drilling Me 
Hammer and stone . 
Bolt against bolt 
Oo 5 W 15 20 25 30 35 40 45 SO 5S 60 6 a 
AGE IN YEARS Broken too! . 

Chopping sticks 
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Fic. 1.—Age of patients. 





*In fifteen of these cases the foreign body came from another worker’s tools or material. 





NUMBER OF CASES 
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NUMBER OF CASES 
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Fic. 2.—Incidence during working hours(hour _ Fic. 3.—Time of incidence (hour of day). Each 
of shift). Each ray represents one case. ray represents one case. 5 

Time of Accident (Figs 2, 3, 4).—The 

distribution seems even throughout the 

working hours. The element of fatigue 

or poor illumination does not seem to 

influence the frequency of accidents, 

N but. the seasonal distribution shows the 

, ; odd fact that the highest incidence of 

A | this sort of injury is in the summer 


months. 

\ Side Involved.—Right eye 63 cases; 
left eye 40 cases; bilateral (5 years 
interval) one case. In both series of 

? * Stallard (1944, 1947) the right eye was 


ESS DOSED FARE involved more frequently. 
JAN. FEB. MAR. APR. MAY JUNE J UG - NO! , 

y JU pics SEPT OCT. NOV. DEC Delay in Hospital A —(Figs 
Fic. 4.—Average seasonal incidence (1944-53). 5, 6).—31 cases attended within the first 
hour after accident, and 77 within the 
first day. Long delays had occurred 
in seven cases as follows: 
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Visual Result 


i. 3 ae 


Delay 





o) 


3 wks 
4 wks 

5 mths 
11 mths 


6/12 
Enucleation 
15 yrs 6/18 

30 yrs | 6/6 


NUMBER Of CASES 
2 F 


2 wks | Hand movements 
| 6/6 
| 
| 


> 








In nine cases the diagnosis 
ee: | 2 3 4@ 8 6 3 had been missed at the first 
puns DAYS visit to the Casualty Depart- 
Fic. 5.—Delay in hospital Fic. 6.—Delay in hospital ment of a peripheral hospital 


attendance, first 6 hrs — attendance, first week ana- 
analysed. lysed. (Table III, overleaf). 
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TABLE Ill Type of Foreign Body.— 
In 95 cases the foreign body 
Visual Result was steel, one eye contain- 
ing two pieces; the remain- 
ing seven cases are set out 








Enucleation 
Enucleation 


Remention of light—Siderosis in Table IV. 


Route of Entry.—This is 
summarized in Fig. 7 (oppo- 
3 wks site). 


3 da Nae 
4 ni Localization.—This is sum- 


marized in Fig. 8 (opposite). 


Enucleation 











TABLE IV } 
TYPES OF FOREIGN BODY OTHER THAN STEEL 


ate cr seem wee os ee ee 





| 
Case No.} Material | Examination Fe ved et Visual Result | Future 





3. | ? Zine Cornealentry | Posterior. route ex- | Hand movements) Extraction 

Localization traction unsuccess- | Eye quiet with | of lens 
in vitreous ful good tension 
Cataract to be ex- | until present 
| - tracted soon time (3 yrs) 











Bad corneo- : Enucleation — 
scleral entry ' 
wound 3! ; 
long 

Uveitis 
Phthsis bulbi 


Foreign body | Anterior route ex- 
thought to! traction unsuccess- 
be steel ful 





Enucleation 


Corneal entry | Attendance delayed 
Localization 2 days : 

in anterior | Extraction by para- 
chamber — 5 months 
ter 














Limbal entry | Attendance delayed | 
3 days owing to 
misdisgnosis in peri- 
pheral hospital cas- 
ualty dept. 
Infection 

Cataract 
Enucleation 





Corneal entry | Attendance delayed | Hand movements 
Localization 4 days 

in vi Extracted by pos- 
terior route 
Cataract unoperated 





Corneal entry | Cataract extracted 
Localization 
in lens 
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Fic. 7.—Route of entry. Fic. 8.—X ray localization. Fic. 9.—Route of extraction. 


Route of Extraction (Fig. 9).—The analysis of nineteen | A—anterior route extraction 


A[o]—anterior route extraction 


foreign bodies not extracted is as follows: through original wound 


A [-}—anterior route—failure 


‘, P—posterior route extraction 
No Attempt at Extraction (four cases) Pon caunedint amine casei 


: fail 
Through and through. Enucleation. Guus engl m sabe 


Glass, bad wound of entry. Enucleation. 
30-year-old foreign body, eye quiet. Cataract extracted, after which visual acuity 
was 6/6 with correction. The patient has binocular vision with contact lens. 


thro iginal wound 
Through and through. Enucleation. PI-} _ original wo 


Failures by the Posterior Route (fourteen cases) 


Case 3. 
Case 5. 


Case 8. 


Case 9. 
Case 12. 


Case 30. 
Case 39. 


Case 40. 
Case 45. 


Case 87. 
Case 91. 


Case 95. 


Case 97. 


? Zinc. Eye quiet for past 3 years. Cataract to be extracted soon. 

1 month’s delay in attendance. Localized in posterior sclera. Cataract. ?Per- 
ception of light (soft eye). 

Through and through. Localization at first false and then behind the globe. 
Partial cataract. Retina detached round original wound. Visual acuity 6/18. 
11 months’ delay in attendance. Enucleation. 

7 days’ delay in attendance. Cataract extracted after 2 years. Visual acuity 
6/9 with correction. 

15 years’ delay in attendance, Cataract extracted. Visual acuity 6/18 with 
correction. 

Localization in posterior sclera. Visual acuity 6/12. 

Very small foreign body (1 x2 mm.) in a clot of blood in vitreous. Enucleation. 
Localization in optic nerve head. Gliosis from optic papilla (retinitis proliferans). 
Visual acuity hand movements. 

Through and through. Localization at first false. Visual acuity 6/18 (amblyopia). 
?Foreign body between ciliary body and sclera. Visual acuity 6/6. 

3 days’ delay in attendance. Localization in optic papilla. Vitreous haze. Visual 
acuity perception of light. 

4 weeks’ delay in attendance. Area of circumscribed scarring in posterior fundus 
since 1944, Visual acuity 6/4. 
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Case 98. Localization in optic papilla. Uveal irritation. Enucleation. 

Failure by the Anterior Route (one case) 

Case 59. Brass. Uveitis followed by enucleation. 

One point in this analysis is of special interest, namely that in six cases (12, 30, 39, 87, 
91, 97) there is excellent visual acuity after an operation by the posterior route in spite of 
prolonged and—before giving up—intra-ocular search for foreign body. There is no de- 
tached retina in any of these. Case 91, in which I operated little more than a year ago, had 
an area of shallow detachment round the scleral incision after the operation (this involved 
introducing a magnet point into the vitreous after 1 hour of unsuccessful attempts). The 
detachment became reattached after a few weeks with some pigment scattering, and the 
eye settled down with a full visual field and acuity 6/6. 

The fundus in Case 8 (accident in 1944) shows a localized detachment round the original 
(through) wound of the posterior pole, but none at the operative wound which is clearly 
seen behind the ora serrata. 

A few other examples in this series show that a retinal detachment which may occur 
after the posterior route approach is only very exceptionally caused by the scleral incision. 


Complications. —These are set out in Table V. 


TABLE V 
ANALYSIS OF COMPLICATIONS 
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Complications | No. of Cases | Eyes Enucleated 





Vitreous haemorrhage 
Hyphaema 

Immediate Uveal prolapse 
Hypopyon 

Retinal detachment 
Cataract 


Rr nc 








Uveitis* 

Infection (pyogenic) © 
Retinal detachment 
Late Phthisis bulbi 

Retinitis proliferans 
Vitreous opacities 
Sympathetic ophthalmia 
Siderosis 


-N 


—— A IN ww 
ee 


l—llwlsSa 




















*Under this heading are grouped cases in which the eye remained red, irritable, and with 
keratic precipitates for more than 3 weeks after the accident. 


Results 

Visual Acuity (Fig. 10, opposite).—The cases in this series can be divided 
into two distinct groups: 

(1) those which did well (6/4-6/12 vision); 
(2) those which did not retain economically useful vision (hand move- 
ments, perception of light). 

There are hardly any intermediate stages. The eye apparently either 
survives this kind of injury—and surgery—and returns more or less to normal 
or it is irreparably damaged. 

The anterior route extractions in this series show much better visual re- 
sults; the reason is obviously not the choice of surgical procedure but the 
fact of the anterior location of the foreign body. All but three cases in the 
group showing hand movements or less, had posterior route extractions, 
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but one must not forget that they also had choroidal wounds, vitreous haemor- 
, rhage, vitreous infection, etc. 


VISUAL ACUITY 
O—O SERIES 
@--- @ POSTERIOR ROUTE EXTRACTION 
¥-% ANTERIOR ROUTE EXTRACTION 


NUMBER OF CASES 
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VISUAL ACLITY 
Fic. 10.—Visual results (enucleations and five cases that could not be traced are not included). 
Hospitalization (Fig. 11).—No patient spent more than 8 weeks in hospital; 
the majority stayed less than 3 weeks. All patients with posterior route ex- 
tractions were kept flat in bed for the first few days, and were only allowed to 
get up after 1 week if the fundus was visible and the retina flat. 


x 




















ie SN a RY Ts Re ae, PS a ee 


Se ee eS By ten 2 
MONTHS OFF WORK 


WEEKS IN HOSPITAL 
Fic. 11.—Hospitalization. Fic. 12.—Time off work after accident. 


Time off Work (Fig. 12).—20 per cent. of the patients were back at work 
within 4 weeks, 54 per cent. within 3 months, and 68 per cent. within 6 months. 
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The rest were off work longer, up to 1-2 years, and a few cases (mostly old 


people, or married women) retired entirely after the accident. 
* 


Loss of Wages (Fig. 13).—There a" th er 
is no appreciable drop in the money \ Te 
earning capacity. amongst these 
patients. The shift to the right of 
“after accident’ curve is caused 
by the general increase in wages, 
and normal progress of workers 
from less skilled to more skilled 
jobs. One would however expect 
this shift to be more pronounced in 
a normal sample of working people 
in this area. The fact is that twenty  { rer‘wen 5 Sa 
cases of the series -earn less since Fic. 13.—Earhing capacity of patients. (No 
the accident. Amongst them ten infonnation was ayaa en 
eyes were enucleated, five did not 

retain useful vision, and five see 6/9 or better. The common feature is a long 
convalescence before resuming work, irrespective of visual result. 
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Summary 


A series of 102 consecutive cases of intra-coular foreign body is analysed. 
They were all treated according to the same surgical principles, This material 


is considered too small to draw firm conclusions as to the comparative 
value of the methods used, but is published so that it may be compared with 
material from other centres. Certain clinical impressions however seem 
not out of place: 


(a) Exact x-ray localization and “ over the F.B.” approach with the magnet is 
not essential. An incision over the ora serrata seems to be less traumatizing and 
equally efficient, 


(6) Retinal detachment is not a bogey of the posterior route approach. It occurred 
only in 7 per cent. of cases (two of which were observed pre-operatively, and a few 
others in whom it did not start at the site of surgical approach). It is the original 
trauma to the retina and organization of the vitreous body which cause these 
detachments. 

(c) Established vitreous infection is not controlled by antibiotics; ten eyes out 
of twelve so affected had to be enucleated. Antibiotics seem however to have a 
prophylactic value in this respect. Fifteen eyes had to be enucleated because of 
uveal irritation persisting for over 3 weeks and fear of sympathetic ophthalmia. 

(d) A quiet eye with a retained metallic foreign body must be kept under observa- 
tion but can be left in situ. In a few cases they remained trouble-free for years with 
good vision. I believe that these foreign bodies are usually embedded in the sclera 


and become encapsulated. 
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(e) Intra-ocular foreign bodies are almost always due to accidents. Hammering 
is the most frequent cause (76 per cent.). The factors of fatigue and poor 
illuminatign do not seem to influence their frequency. 15 per cent. of the cases 
in this series originated from other people working in the vicinity: For the un- 
expected seasonal variation (peak in the summer months) I can offer no explanation. 


(f) The incapacitating effect of this type of injury does not seem to depend so 
much on the degree of retained vision as on the degree of psychological trauma to 


the subject. 
All these cases were admitted under the care of Mr. E. G. Mackie and Miss E. Hatherley, to 
whom I am indebted for permission to report them in this paper. 
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EXTRA-CONJUNCTIVAL IMPLANT* 


BY 


M. L. NAIRAC 
Sunderland 


IT is the unfortunate expericnce of many who haye used Cutler’s implants 
that extrusion occurs in most cases within a period of 2 years, and that the 
few that do remain in position are a source of chronic discharge and infection. 

On dissecting out several of these implants, [ found that the cause of the 
extrusion was the almost complete epithelialization of the bed of the implant 
with subsequent contraction. This led to the idea of an implant placed 
outside the conjunctiva, with as little as possible buried beneath the conjunctiva. 
Such an implant could not possibly be extruded. 

The design eventually decided upon (Fig. 1a, 5) consists of a main body of 
acrylic resin, with 
four brackets of tan- 
talum wire projecting 
backwards from it. 
It is solid and there- 
fore does not collect 
and retain any secre- 
tion. The body, which 
has a diameter of 
13 mm. and a thick- 
ness of 6.mm. at the 
centre, is shaped like _ 
the segment of a gee 
sphere, with its con- awl i @).-Anperior view of pet Oh aes view of 
vexity directed back- 
wards, and has a hole in front, similar to the one in Cutler’s implant, for 
receiving the peg of the artificial eye. The brackets, made of tantalum 
wire 1 mm. thick, are embedded in the acrylic body, and project backwards 
and laterally for 7 mm. 
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Operation 

During the process of enucleation of the globe, each rectus muscle is secured 
near its insertion with a stitch before being detached from the globe, and is dissected 
as far back as possible. The globe is then removed in the usual way. Four stab 
incisions are now made through the conjunctiva and subconjunctival tissues, about 
8 mm. from the cut margin of the conjunctiva, in the positions of the rectus muscles 
(Fig. 2). Each muscle is threaded through the corresponding incision (Fig. 3), and 
the central conjunctival hole through which the globe was removed is stitched very 
carefully (Fig. 3). 

Each muscle is then threaded through the corresponding bracket of the implant, 
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Fic. 2.—Diagram of incisions. Fic. 3.—Diagram of four rectus muscles 
drawn through incisions and held by 


sutures. 


folded back round it, and stitched very securely to itself. Care must be taken that 
the two surfaces are in good apposition to ensure firm union (Fig. 4). This 
manoeuvre is difficult, but may be greatly assisted by using Trelat’s enucleation 
spatula to depress the conjunctiva, while the muscle is drawn through the slit in 


the spatula. 


When the four muscles have been dealt with in this manner, each bracket 


(with its muscle attached) is pushed back 


through the corresponding incision in the 


conjunctiva, and the edges of the incisions 
are stitched together over the now buried 


bracket and muscle. 
A point to note is that if all four muscles 


are treated identically, the implant tends to 
“diverge”. It is essential therefore to fajd 


back a longer piece of internal rectus in order 
to counteract this tendency. 
Healing is relatively quick, and the 
artificial eye can usually be fitted after 
4 or 5 weeks. It is extremely impor- 
tant that all conjunctival wounds. be 
Fic. 4.—Di h properly. stitched, with good apposition 
fasténed to ioe Sone ee of all edges, otherwise granulation tissue 
will form and delay healing considerably. 


Time alone will show if these implants will remain in position, but from 
results so far obtained the prognosis seems good. Extrusion as such is 
impossible. The only eventual mishap would be the cutting out of a muscle. 
This, however, seems improbable; the only case of a muscle cutting out 
which I have had occurred a few days after operation through faulty suturing. 

The movement obtained is not as full as with Cutler’s implant, but is quite 
adequate to give a fairly life-like appearance to the prosthesis. The last case 
we did has a nystagmus, and it is most gratifying to see nystagmoid move- 
ments in the prosthesis. 


I should like to thank Messrs. T. Hamblin Ltd. for making this implant, for the drawing of 
Fig. 1, and for their advice on the best material to use. 
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CASE NOTES 
ADENOMA OF THE CONJUNCTIVA* 


BY 


A. J. BOASE 
Uganda 


REPORTING a case of adenoma of the limbal conjunctiva, Francois and Rabaey 
(1951) commented on the extreme rarity of this condition. They epitomized 
four cases (and a doubtful fifth) found in the literature. To these may be 


added the following. 
Case Report 

An African (Muganda) woman, aged 30 years, had had for many years a small lump 
on the right eye between cornea and plica but nearer the latter. It had slowly grown 
larger and was now about the size of a rather small pea. With the lids gently closed the 
surface of the lump could just be seen. The conjunctiva appeared to be movable over it, 
for which reason it was thought to be an epibulbar dermoid or a dermo-lipoma. 

At operation (April, 1953) the conjunctiva was reflected and the tumour easily removed 
after dividing a thin flat pedicle. 

Pathological Report (Dr. B. G. T. Elmes).—Adenoma of a lacrimal gland. The histo- 
logical structure closely resembles a salivary gland tumour (Figs 1-4). An interesting 
and rare tumour. 


Fic. 1.—Epithelium of stratified 
squamous type covering an adeno- 
matous tumour and separated 
from it by a layer of fibrous tissue 
infiltrated by chronic inflamma- 
tory cells. x75 
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CONJUNCTIVAL ADENOMA 


Fic. 2.—Tumour consist- 
ing of irregular alveoli lined 
with cubical epithelium, 
lying in a fibrous stroma. 
x 





It is noteworthy that although no doubt was felt at the time of operation 
that the conjunctiva had been cleanly separated from the surface of the 
tumour, the latter shows a well-defined epithelium. 
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Fic, 3.—Inspissated secretion 
in alveoli and loose stroma of 
fibrous tissue. x75 
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The histological structure is shown in the photomicrographs and described 
in the appropriate legends. 


Fic. 4.—High-power view of alveoli showing a double layer of cubical 
cells, 250 


The photomicrographs were taken by Mr. T. N. Salthouse, using a Vickers projection microscope 
with Wratten B filter. The descriptive legends are by Dr. J. N. P. Davies, Head of the Department 
of Pathology, Makerere College Medical School. 


REFERENCE 
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CONGENITAL MEMBRANOUS CATARACT, 
DENTIGEROUS CYST, AND MULTIPLE 
FIBROLIPOMATA* 


BY 


L. P. AGARWAL and I. N. RAIZADA 
Department of Ophthalmology, Medical College, Agra, India 


Tuis case is of interest because a combination of congenital membranous 
cataract, dentigerous cyst, and multiple lipomata has not been reported 
before, and because the mother of the patient contracted mumps during the 
second month of pregnancy. 


Case Report 
A female aged 40 years, who had always had poor vision, was admitted to hospital 


complaining of complete loss of vision for about 6 months, She also complained of small 


nodular swellings on the abdomen, back, and scalp, and a big swelling at the angle of the 
lower jaw since birth. 

Examination.—Bilateral membranous cataracts with soft lenticular matter were seen at 
the periphery. There was no rise in intra-ocular pressure and no evidence of past or 
ptesent iridocyclitis. Visual acuity was perception of light with accurate projection. 

A smooth rounded swelling 4” x 3” was present at the angle of the left lower jaw. 
It was painless and fixed to the bone. X ray examination revealed a dentigerous cyst. 


Discussion 
Membranous cataracts have been reported by many workers under 
different names (Viillers, 1894; Gunn, 1895; Axenfeld, 1904; Greeves, 1914). 
Baker (1887) and Hess (1899) reported them as total cataracts, but Duke- 


Elder (1937) described them as membranous. 

In the case reported the peculiar combination of congenital lipomata, 
dentigerous cyst, and membranous cataract was found, and the literature 
was searched in vain for a similar reported case. It is rather difficult to explain 
the whole syndrome as one anomaly, of to hold that all three malformations 
are due to intra-uterine inflammation, but it seems probable that there was 
some maternal factor during pregnancy which led to vicarious development. 
It is of interest that the tooth which was seen in the X-ray examination was 
inverted in the dentigerous cyst. The tooth bed is developed in the sixth week 
of intra-uterine life and it is at this time that the lens is also forming. It 
seems possible, therefore, that a common factor was present which adversely 
influenced the laying of a healthy tooth bed and the development of the lens. 
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OBITUARY 
STUART SPENCE MEIGHAN 


OPHTHALMOLOGY in Glasgow has suffered a great loss by the sudden death of Dr. S. Spence — 4 
Meighan on April 20, 1954, just 6 months after his retirement from hospital service, 
The son of Dr. T. Spence Meighan, Surgeon to the Glasgow Eye Infirmary, 1875-1909, — 


he was educated at the Glasgow High School, and at Glasgow University, where he grad- 
uated in Science and in Medicine (with Honours) in 1912. After residentships with Sir 
William McEwan and Professor Ralph Stockman, he joined the staff of the Glasgow Eye _ 
Infirmary as a house surgeon in 1914, thereafter proceeding to France to jointhe Highland 
Field Ambulance under Col. Rorie in the 51st (Highland) Division. With this Unit he — 

served until he was taken prisoner in March, 1918. His experience in one of the worst of 
the prisoner-of-war camps was to have a lasting effect upon his general héalth, and was — 
to handicap him to some extent throughout his life. For his services in France he was twice — 
mentioned in- dispatches. 

On demobilisation, he returned to the staff of the Glasgow Eye Infirmary, and in 1920 
became a Fellow of the Royal Faculty of Physicians and Surgeons of Glasgow gua Oph- 
thalmic Surgeon. He was later appointed ophthalmic surgeon to Stobhill Hospital, then — 
a Poor Law Institution, and it was to him that the development of the ophthalmic depart- 
ment of this hospital is entirely due. In 1926 he was promoted surgeon to the Glasgow 
Eye Infirmary, and in the same year became professor of ophthalmology at the Anderson 
College of Medicine, a post which he held until a failure of health caused him to resign. 
He was, shortly afterwards, appointed an honorary lecturer in ophthalmology to the 
University of Glasgow. 

He was vice-president of the Ophthalmological Society of the United Kingdom, a past 
president of the Scottish Ophthalmological Club, and at the time of his death vice- 
president elect of the Section of Ophthalmology of the forth-coming British Medical 
Association meeting in Glasgow. 

He was a member of the Northern Hospitals Board of Management, and became 
chairman of its Medical Committee. Transparently honest in all his dealings, the least 
self-seeking of men, he was an ideal chairman of the quiet type, and was able to guide 
many potentially troublesome committees to a wise compromise. 


Dr. Meighan was:a careful and skilful operator, whose care was for the patient first. 
It is a tribute to the man that he was at all times surrounded by a band of loyal assistants. 
There are many who owe to Meighan’s kindly tuition their first introduction to a successful 
career in ophthalmology. An appearance of diffidence and uncertainty masked a sound 
clinical knowledge of his subject. It is true to say that there was no better consulting 
opinion in Glasgow than his. No one’s advice and guidance was more often sought by - 
those in trouble both personally or professionally, and never in vain. 


His special professional interests lay in medical legal ophthalmology, and in the treat- 
ment of trachoma; his experience of this disease, in the only area of the United Kingdom 
in which it is notifiable, was unique—he was to have delivered a paper on this subject at 
the meeting of the B.M.A. Section of Ophthalmology in July, 1954. 

One of the kindest of men, he was beloved both by colleagues and patients. He was 
blind to faults, and saw some good in everyone. He had a real sense of humour, which 
was used without malice to expose the poseur and the humbug. His exceptional memory 
for the spoken word and his gift of mimicry were a joy to those who knew him best, these 
gifts, perhaps, being best displayed when reporting on the proceedings of a recent scientific 
meeting. His vignettes of personalities would, however, have been appreciated even by 
the victims. Meighan’s name will long be remembered in Glasgow. He is survived by 
his wife and two sons. 
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